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On  the  basis  of  earlier  studies  on  the  regeneration  and  transplan¬ 
tation  of  the  skin  in  various  species  of  animals,^  Loeb  concluded 
that  a  definite  relation  might  exist  between  the  structure  of  the  nor¬ 
mal  skin  and  its  proliferative  power.  He  suggested  that  an  epider¬ 
mis  consisting  of  a  larger  number  of  cell  layers,  as  in  the  guinea  pig, 
might  show  under  normal  and  abnormal  conditions  a  greater  pro¬ 
liferative  power  than  an  epidermis  consisting  only  of  one  or  two 
cell  layers,  as  in  the  pigeon;  and  he  believed  that  the  difference  in 
structure  between  these  two  types  might  be  due  to  differences  in  the 
proliferative  power  of  the  epidermis.  Addison  and  Loeb  confirmed 
the  validity  of  this  suggestion. 

In  accordance  with  the  structure  of  normal  skin,  the  normal  and 
regenerating  epidermis  of  the  pigeon  showed  less  proliferative  power 
than  the  epidermis  of  the  guinea  pig."  It  was,  however,  possible 
that  some  special  condition  existed  in  the  pigeon  which  was  re¬ 
sponsible  for  the  diminution  of  proliferative  energy  in  this  animal. 
Before  it  could  be  concluded  that  the  relation  between  the  struc¬ 
ture  and  proliferative  power  of  guinea  pig  and  pigeon  skin  was 
causal  and  not  accidental,  and  was  of  general  significance,  it  was 
necessary  to  compare  with  guinea  pig  skin,  as  representative  of  an 
epidermis  with  a  larger  number  of  cell  layers  and  correspondingly 
*  Received  for  publication,  October  28,  1914. 

^Loeb,  L.,  and  Addison,  W.  H.  F.,  Arch.  f.  Entwcklngsmcchn.  d.  Organ., 
1911,  xxxii,  44. 

~  Loeb  and  Addison,  Arch.  f.  Entwcklngsmcchn.  d.  Organ.,  1913,  xxxvii,  635. 
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greater  proliferative  power,  the  skin  of  another  animal  possessing 
an  epidermis  similar  in  structure  to  that  of  the  pigeon. 

At  the  suggestion  of  Dr.  Loeb  we  made  a  comparative  study  of 
guinea  pig  and  rat  skin.  The  rat  was  chosen  because  its  epidermis 
has,  like  that  of  the  pigeon,  only  one  to  two  cell  layers. 

NORMAL  SKIN. 

We  studied  also  normal  guinea  pig  skin  and  confirmed  the  figures 
given  in  the  former  paper.®  The  structure  of  normal  guinea  pig 


TABLE  I. 
Normal  Skin. 


Guinea  pig. 

Rat, 

No.  of  layers  of  living  cells  in  the  epidermis. . . 

3-5 

1-2 

Thickness  of  the  stratum  germinativum . 

25.0-so.o/a 
(25.0-40.0  ix) 

9.6-13.4  M 

Thickness  of  the  upper  layer  of  the  epidermis . 

20.0-40.0  fX 

Size  of  cell  in  basal  row 

10. s  -12.7s  M 

6.0  -  7.0  n 
(9.91-12.8 /a) 

7.8  -  g.gn 

6.0  -  7.0  M 

2  =  breadth . 

Size  of  nucleus  in  basal  row 

8.5  n 

5-6  M 

(7.8-8.6  m) 

(5.6-6.8  ti) 

5.1  -  6.211 

5.0  -  6.0(1 

2  =  breadth . 

No.  of  mitoses  in  area  i  mm.  long  and  50  n  wide 

lo-is 

(Average,  12) 
10-14 

(Average,  12) 

3-6 

(Average,  4.) 

No.  of  cells  in  basal  row  in  i  mm . 

1  155  ^  144 

and  rat  skin  is  represented  in  table  I;  in  the  case  of  the  guinea  pig 
our  new  figures  are  added  in  parenthesis. 

A  comparison  of  this  table  with  table  i  of  our  previous  paper^  shows  the 
similarity  between  rat  and  pigeon  skin,  which  is  brought  out  clearly  in  almost  all 
the  measurements.  There  is,  however,  a  slight  difference  in  so  far  as  the  height 

3  Loeb  and  Addison,  Arch.  f.  Entwcklngsmcchn.  d.  Organ.,  1913,  xxxvii,  635. 

*  For  the  figures  referring  to  the  pigeon  see  Loeb  and  Addison,  Arch.  f. 
Entwcklngsmechn.  d.  Organ.,  1913,  xxxvii,  636,  637  (table  i). 
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of  the  basal  cell  and  its  nucleus  is  concerned.  It  appears  to  be  slightly  larger 
in  rat  than  in  pigeon  skin.  The  number  of  mitoses  is  also  slightly  greater  and 
the  stratum  germinativum  somewhat  thicker  in  the  rat  than  in  the  pigeon.  The 
differences  between  both  kinds  of  epidermis  are  therefore  very  slight.  In  the 
guinea  pig  the  stratum  germinativum  is  almost  three  times  as  thick  as  in  the 
pigeon  or  rat.  The  same  unit  area  for  counting  mitoses  was  used  as  in  the 
former  work;  namely,  an  area  i  mm.  long  and  50  n  wide.  In  the  rat  3  to  6,  on 
the  average  4,  mitoses  were  found  in  that  area.  In  the  pigeon  the  average  was 
3,  while  it  was  12  in  the  guinea  pig.  There  are  approximately  1,204  cells  in  the 
unit  area  in  the  guinea  pig  with  an  average  of  12  mitoses;  almost  all  mitoses 
are  found  in  the  basal  layer.  There  occurs  then  about  i  mitosis  in  every  100 
basal  cells  in  the  epidermis  of  the  guinea  pig.  In  the  rat  we  find  in  the  same  unit 
area  approximately  1,036  cells.  There  occurs  i  mitosis  in  every  259  basal  cells 
in  the  epidermis  of  the  rat. 

There  are,  therefore,  2.5  times  as  many  mitoses  in  the  same  number  of  cells 
in  the  guinea  pig  as  in  the  rat.  The  potential  energy  displayed  in  the  basal 
cells  of  the  guinea  pig  is  therefore  almost  2.5  times  as  large  as  in  the  rat. 


REGENERATING  SKIN. 

In  table  II  will  be  found  the  figures  representing  the  conditions  in 
the  regenerating  epidermis  of  the  rat.  In  the  case  of  the  guinea  pig 
and  pigeon  we  refer  to  the  corresponding  tables  of  the  former 
paper.'* 

The  wound  made  in  the  rat  skin  was  of  the  same  length  as  in  the  guinea  pig 
and  pigeon;  namely,  approximately  3  mm.  in  both  diameters.  All  observations 
and  measurements  were  made  in  exactly  the  same  manner  as  in  the  previous 
paper,  with  the  same  stages  of  regeneration  and  the  same  places  in  the  wound. 
Before  the  closure  of  the  wound  the  number  of  living  cell  rows  and  the  thick¬ 
ness  of  the  living  epithelium  were  measured  at  the  tip  of  the  tongue,  at  the 
juncture  of  the  tongue  with  the  old  epithelium,  and  in  the  old  epithelium  near  the 
insertion  of  the  tongue.  After  closure  of  the  wound,  measurements  were  taken 
at  two  places;  namely,  in  the  center  of  the  former  defect  and  at  the  insertion 
of  the  former  tongue. 

Two  days  after  excision  of  the  piece  of  skin,  the  size  of  the  regenerating 
epithelial  tongue  in  the  guinea  pig  is  much  greater  than  in  the  pigeon  and  rat. 
In  the  rat  it  is  slightly  larger  than  in  the  pigeon;  it  grows  in  the  guinea  pig 
more  rapidly  than  in  either  of  the  two  other  animals.  The  defect  is  greater  in 
the  pigeon  than  in  the  rat  and  guinea  pig;  in  these  two  animals  it  is  very 
similar.  This  is  probably  due  to  the  fact  that  in  the  pigeon  a  retraction  of  the 
margin  of  the  wound  usually  takes  place,  while  such  a  retraction  does  not 
occur  in  the  guinea  pig  and  rat.  In  the  rat  the  tongue  grows  constantly  up  to 
the  ninth  day,  but  towards  the  end  of  this  period  near  the  time  of  closure  of 
the  wound  the  increase  is  very  slight.  Also,  in  the  other  animals  there  is  a 

®Loeb  and  Addison,  Arch.  f.  Entzvcklngsmechn.  d.  Organ.,  1913,  xxxvii,  641, 
642,  648,  649  (tables  2,  3,  4,  s). 
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Structure  of  Epidermis  of  Rat  and  Guinea  Pig. 


Closed  1.069  mm.  3  cell  rows,  23.0 4  cell  rows,  36.4 1-2  cell  rows,  10.  i  m 

Closed  1. 103  mm.  3  cell  rows,  26.9  fi  4-5  cell  rows,  45.21  n  1-2  cell  rows,  11.5  /x 

Closed  i  1. 000  mm.  j  1-2  cell  rows,  9.9  m 
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constant  growth  of  the  tongue  up  to  the  time  of  the  closure,  but  the  rate  of 
growth  is  not  identical  in  the  three  species. 

On  the  2d  day  the  tongue  is  greatest  in  the  guinea  pig;  on  the  5th  day  it 
reaches  in  all  animals  about  three  to  four  times  the  size  it  had  on  the  2d  day. 
The  increase  is,  however,  greatest  in  the  guinea  pig,  and  least  in  the  pigeon. 
Between  the  Sth  and  7th  days,  the  increase  is  relatively  less  in  the  guinea  pig 
than  in  the  pigeon  and  rat.  Between  the  7th  and  9th  days  the  increase  in  the 
tongue  is  relatively  less  than  in  the  previous  periods.  We  therefore  notice  in  all 
species  a  gradual  diminution  in  the  relative  increase  of  the  tongues  (expressed 
in  percentage  increase  over  the  size  at  the  end  of  the  preceding  period)  after 
the  2d  day. 

The  closure  of  the  wound  in  the  rat  as  well  as  in  the  other  animals  does  not 
take  place  merely  through  an  outgrowth  of  the  tongue,  but  also  through  a 
contraction  of  the  wound  as  a  whole. 

The  number  of  rows  of  living  cells  and  the  thickness  of  the  living  epithelium 
varies  at  different  periods  of  regeneration.  We  find  the  count  in  the  pigeon  and 
rat  to  be  nearly  the  same,  the  figures  being  usually  a  little  greater  in  the  rat 
than  in  the  pigeon,  but  they  are  much  greater  in  the  guinea  pig  than  in  the 
pigeon  or  rat.  We  find  some  differences  according  to  the  various  places  where 
measurements  were  taken.  In  the  pigeon  and  rat  the  thickness  of  the  living 
epithelium  at  the  tip  of  the  tongue  and  in  the  old  epithelium  are  very  similar, 
while  at  the  point  of  insertion  the  tongue  is  much  thicker  than  at  either  of  the 
other  two  places.  In  the  guinea  pig  the  old  epithelium  is,  at  the  various  stages 
of  regeneration,  usually  thicker  than  the  epithelium  at  the  tip  of  the  tongue.  As 
in  the  rat  and  pigeon,  in  the  guinea  pig  the  epithelium  is  thickest  at  the  point 
of  insertion  of  the  tongue.  In  the  guinea  pig  the  greatest  thickness  of  the 
regenerating  epithelium  at  the  point  of  insertion  of  the  tongue  is  reached  between 
the  7th  and  iith  days,  while  in  the  old  epithelium  the  greatest  thickness  is 
reached  on  the  7th  day  at  the  time  of  closure.  In  the  pigeon  the  greatest  thick¬ 
ness  is  reached  between  the  5th  and  nth  days,  but  here  again  at  the  point  of 
insertion  of  the  tongue  the  epithelium  is  tiiickest  just  previous  to  the  time  of 
closure  on  the  9th  day;  while  in  the  rat  the  thickness  is  greatest  from  the  5th 
to  the  14th  day.  As  soon  as  the  tips  of  the  tongues  meet,  the  thickness  of  the 
living  epithelium  in  the  middle  of  the  former  wound  is  greater  than  it  was 
previously  at  the  tip  of  the  tongue  in  the  rat  and  pigeon.  This  indicates  that  the 
two  tongues  in  meeting  exert  pressure  upon  each  other.  The  wound  closes  on 
the  7th  day  or  soon  afterwards  in  the  guinea  pig,  on  the  iith  day  in  the  pigeon, 
and  between  the  9th  and  loth  days  in  the  rat.  There  is,  therefore,  no  marked 
connection  between  the  thickness  of  the  regenerating  epithelium  and  the  time  of 
closure  of  the  wound,  other  than  as  indicative  that  at  some  place  the  regenerating 
epithelium  is  .slightly  thicker  just  before  or  at  the  time  of  the  closure,  and  that 
the  closure  effects  the  thickness  in  the  center  of  the  wound,  the  thickness  at  this 
place  after  the  closure  being  greater  than  at  the  tip  of  the  former  tongue.  In 
the  guinea  pig  the  maximum  of  the  thickness  of  the  living  epithelium  is  about 
twice  as  large  at  the  point  of  the  insertion  of  the  tongue  and  about  four  times 
as  large  in  the  old  epithelium  as  in  the  rat  and  in  the  pigeon. 

The  figures  in  table  III  represent  the  size  of  cell  and  nucleus  and  the  number 
of  mitoses  during  the  different  stages  of  regeneration  in  the  rat.  For  the 
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TABLE  III. 


Rat  Skin. 


Dy. 

No.  of 
pieces 

Size  of  cell. 

Size  of  nucleus. 

No.  of  mitoses  in  one  area  i  mm. 
long  X  50  wide. 

of 

skin. 

New  epithelium. 

Old  epithelium. 

1 

I 

86.5  n 

II.S  X  7-6  ju 

48.3  m 

7.6  X  6.1 

0 

24 

2  i 

2 

II-3  X  7-9  n 

8.0  X  7-9  M 

0 

26 

3 

10.9  X  7.6  fx 

8.0  X  5-9  M 

0 

28 

I 

96.8  fj. 

II. 7  X  7-9  n 

55-8/1 

8.8  X  6.7 /t 

23 

22 

5  j 

2 

12.2  X  8.0  n 

8.1  X  6.5  fx 

28 

23 

3 

12.6  X  8.1  n 

8.8  X  6.1  IX 

17 

17 

I 

III-3M 

13-6  X  9-OM 

64.2  IX 

9.3  X  6.9/1 

27 

16 

7  1 

2 

12.7  X  8.6  #1 

8.8  X  6.1  IX 

31 

13 

3 

13.2  X  8.1  M 

10.3  X  7-6/1 

42 

II 

I  ' 

102.8  n 

12.1  X  9  0  n 

59-4  ju 

8.3  X  6.6  /i 

23 

9 

2 

12.9  X  7-9  M 

9.0  X  7-2  IX 

15 

9 

i  3 

11.3  X  8.7  n 

8.8  X  7-0  IX 

i  31 

15 

11 

I 

86.9  M 

10.2  X  6.9  n 

47-5  At 

7.6  X  6.1  IX 

12 

8 

2 

II. I  X  8.8  fi 

7.2  X  6.5  IX 

15 

10 

3 

II. 8  X  8.0 n 

1  6.7  X  5-9  At 

10 

9 

14 

1 

(>5-4n 

8.9  X  6.9  JU 

42.48  IX 

7.1  X  6.1  IX 

.5 

7 

2 

9.2  X  7-3  n 

6.6  X  5-8/1 

1  9 

6 

3 

10.2  X  7-3  M 

1  6.9  X  5-9  At 

II 

6 

corresponding  figures  in  the  guinea  pig  and  pigeon  the  reader  is  referred  to  the 
former  paper.®  In  the  guinea  pig  the  cell  increases  in  size  up  to  the  7th  day 
when  the  maximum  size  is  reached.  This  is  followed  by  a  sudden  decrease 
which  makes  the  cell  slightly  smaller  than  it  had  been  on  the  2d  day,  but  it 
remains  somewhat  larger  than  in  the  normal  skin  throughout  the  period  of 
observation.  The  changes  in  the  nucleus  are  similar  to  those  in  the  whole  cell. 
The  size  of  the  nucleus  also  reaches  a  maximum  on  the  7th  day,  shows  a  marked 
decrease  on  the  9th  day,  but  remains  larger  than  the  nucleus  of  the  normal  skin 
throughout  observation.  The  number  of  mitoses  also  reaches  a  maximum  on 
the  7th  day  and  experiences  a  sudden  sharp  fall  on  the  9th,  and  declines  very 
slowly  but  steadily  from  the  9th  to  the  14th  day.  The  number  on  the  14th  day 
is  still  higher  than  in  the  normal  skin. 

The  time  of  the  maximum  size  of  cell  and  nucleus  and  the  time  of  the  maxi¬ 
mum  number  of  mitoses  correspond  very  well  with  each  other,  and  both  coin¬ 
cide  with  the  time  just  preceding  the  closure  of  the  wound.  The  closure  of  the 
wound  is  followed  by  a  marked  fall  in  the  figures  representing  the  size  of  cell 
and  nucleus  and  the  number  of  mitoses. 

®  Loeb  and  Addison,  Arch.  f.  Entzvckhigsmcchn.  d.  Organ.,  1913,  xxxvii,  635. 
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In  the  pigeon  the  maximum  size  of  cell  and  nucleus  is  also  reached  on  the 
7th  day.  On  the  9th  day  we  notice  a  decline  in  the  size  of  cell  and  nucleus, 
which,  however,  remain  increased  throughout  the  period  of  observation.  The 
maximum  number  of  mitoses  is  reached  between  the  Sth  and  9th  days;  it  is 
followed  by  a  marked  decline  on  the  nth  day,  but  the  number  remains  increased 
over  the  number  in  the  normal  epidermis  throughout  the  period  of  observation. 
We  see,  therefore,  that  here  the  maximum  in  the  number  of  mitoses,  while 
reached  as  early  as  in  the  guinea  pig  (or  even  slightly  earlier),  extends  over  a 
longer  period;  this  increase  in  duration  is  probably  connected  with  the  later 
closing  of  the  wound  in  the  pigeon.  There  is,  however,  in  the  pigeon  a  slight 
discrepancy  between  the  curves  of  cell  size  and  of  number  of  mitoses,  in  as  far 
as  here  the  curve  of  the  size  of  cell  and  nucleus  begins  to  decline  on  the  9th  day. 
The  decline  in  the  cell  size  on  the  9th  day  is,  however,  relatively  slight.  The 
maximum  for  the  number  of  mitoses  and  size  of  cell  is  present  in  the  pigeon  as 
early  as  on  the  7th  day,  although  the  wound  does  not  close  for  3  or  4  days  later. 

In  the  rat  the  maximum  size  of  cell  and  nucleus  is  reached  on  the  7th  day; 
the  size  of  cell  and  nucleus  declines  very  slightly  on  the  gth  day.  It  continues  to 
decline  steadily  from  then  to  the  14th  day,  but  is  still  larger  at  that  time  than  in 
the  normal  skin.  The  maximum  number  of  mitoses  is  reached  on  the  7th  day, 
but  it  is  almost  as  high  on  the  Sth  as  on  the  7th  day.  There  is  a  decrease  from 
the  7th  day  to  the  9th  day,  then  there  occurs  a  further  decided  decrease  on  the 
nth  day,  and  the  number  continues  to  decrease  on  the  14th  day,  but  it  is  still 
higher  at  that  time  than  in  the  normal  rat  skin. 

We  see  in  every  case  a  marked  decline  in  the  number  of  mitoses  at  the  time 
of  closure  of  the  wound,  and  the  maximum  number  is  reached  on  the  7th  day, 
or  even  shortly  before.  There  is  a  constant  increase  from  the  beginning  to  the 
7th  day,  and  while  it  is  already  high  at  the  Sth  day  in  the  three  species,  in 
most  cases  it  is  not  quite  as  great  at  that  time  as  on  the  7th  day.  The  decline 
after  the  closure  of  the  wound  is  sharpest  in  the  guinea  pig;  here  the  difference 
between  the  maximum  number  of  mitoses  on  the  7th  day  and  the  number  on 
the  nth  and  14th  days  is  greater  than  in  the  pigeon  and  rat. 

We  find,  therefore,  in  all  three  species  during  the  regeneration  of  the  epi¬ 
dermis  the  maximum  in  size  of  cells  and  nuclei  approximately  on  the  7th  day, 
,  independently  of  the  closure  of  the  wound.  In  case  the  wound  is  not  yet  closed 
on  the  7th  day,  the  size  of  the  cell  and  the  number  of  mitoses  either  do  not 
decline,  or  they  decline  relatively  less  until  the  closure  takes  place,  when  a  more 
marked  decline  occurs.  The  size  of  cells  and  nuclei  and  the  number  of  mitoses 
remain  increased  over  the  normal  figure  throughout  the  period  of  observation. 

We  now  wish  to  consider  how  the  three  species  differ  among  themselves 
in  the  figures  for  the  size  of  cell  and  nucleus  and  for  the  number  of  mitoses. 
During  the  process  of  regeneration  the  size  of  the  guinea  pig  cell  is  the  greatest. 
In  the  rat  almost  the  same  figures  are  found  as  in  the  pigeon,  but  the  figures 
in  the  rat  are  slightly  higher  than  those  in  the  pigeon.  In  both  these  animals 
the  figures  are  markedly  lower  than  in  the  guinea  pig  Mitotic  cell  proliferation 
and  the  size  of  cells  and  nuclei  show,  therefore,  proportionately  the  same  differ¬ 
ences  in  the  regenerating  tissue  of  these  three  species  as  in  the  normal  skin. 

The  relative  increase  in  mitoses  during  regeneration  over  the  number  found 
in  the  normal  epidermis  is  apparently  not  quite  so  large  in  the  guinea  pig  as  in 
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the  rat  and  pigeon.  The  normal  epidermis  of  the  guinea  pig  has  in  the  same 
area  four  times  as  many  mitoses  as  the  normal  epidermis  of  the  pigeon,  but 
during  regeneration  it  has  only  2  to  2.5  times  as  many  mitoses  as  the  regenerat¬ 
ing  epidermis  of  the  pigeon.  The  normal  epidermis  of  the  guinea  pig  has  about 
three  times  as  many  mitoses  as  the  normal  epidermis  of  the  rat,  while  in  the 
regenerating  epithelium  the  number  of  mitoses  in  the  guinea  pig  is  less  than 
three  times  as  high  as  in  the  rat,  if  we  compare  during  regeneration  each  time 
the  maximum  number  of  mitoses.  At  other  periods  the  superiority  in  the 
number  of  mitoses  on  the  part  of  the  guinea  pig  is  still  less  marked.  We  see, 
therefore,  that  apparently  the  eflfect  of  a  regenerative  stimulus  is  relatively  not 
quite  so  great  in  skin  in  which  under  normal  conditions  much  proliferation 
is  taking  place  (guinea  pig)  as  in  skin  in  which  under  normal  conditions  less 
proliferation  is  taking  place  (rat).  This  method  of  calculating,  however,  does 
not  consider  the  difference  in  the  number  of  cells  in  the  same  area  in  the  dif¬ 
ferent  species  of  animals.  We  must  consider  the  number  of  mitoses  in  each 
species  in  proportion  to  the  number  of  cells  in  a  certain  area  in  the  resting  and 
in  the  regenerating  epithelium  of  the  various  animals. 

In  normal  guinea  pig  epidermis  we  found  i  mitosis  to  every  100  cells ;  in 
normal  rat  skin  i  mitosis  to  every  259  cells.  In  guinea  pig  skin,  therefore, 
there  are  in  the  same  number  of  cells  2.5  times  as  many  mitoses  as  in  the  rat. 
In  the  regenerating  skin  the  size  of  the  cell  increases.  While  in  all  the  species 
the  size  of  the  regenerating  cell  is  greater  than  the  resting  cell,  the  proportional 
increase  in  the  size  of  the  regenerating  cell  over  the  resting  cell  is  approximately 
the  same  in  the  guinea  pig,  pigeon,  and  rat,  or  if  any  difference  exists  it  is  only 
slight.  We  may,  therefore,  consider  the  number  of  cells  upon  which  we  base 
our  comparisons  of  the  increase  in  the  number  of  mitoses  during  regeneration 
in  the  rat  and  guinea  pig  as  approximately  constant ;  because  the  number  of 
changes  in  both  species  has  approximately  the  same  proportion,  the  size  of  the 
regenerating  cell  in  the  guinea  pig,  as  well  as  in  the  rat,  being  approximately 
four  to  five  times  larger  than  the  resting  cell  of  the  same  species,  if  we  use 
two  diameters  in  calculating  the  size  of  the  cells.  If  we  consider,  therefore,  the 
number  of  mitoses  in  both  species  occurring  in  the  same  number  of  cells  under 
normal  conditions  and  during  regeneration,  the  increase  during  regeneration  is 
approximately  as  great  in  the  guinea  pig  as  in  the  rat.  We  may,  therefore,  con¬ 
clude  that  the  proliferative  energy  of  the  epithelial  cell  of  the  guinea  pig  is 
stimulated  through  making  a  wound  just  as  effectively  as  the  epithelial  cell  of 
the  rat.  The  effect  of  stimulation  as  evidenced  in  the  increase  in  proliferation 
during  regeneration  is  as  great  in  the  guinea  pig  as  in  the  rat. 

A  comparison  of  the  number  of  mitoses  in  the  different  species  at  the  dif¬ 
ferent  periods  of  regeneration  shows  that  after  the  closure  of  the  wound  the 
difference  in  the  number  of  mitoses  between  guinea  pig  skin  on  the  one  hand 
and  rat  and  pigeon  skin  on  the  other  is  much  less  than  before  the  closure 
of  the  wound,  which  is  another  expres.sion  of  the  fact  that  the  decline  in  the 
number  of  mitoses  after  the  closure  of  the  wound  in  the  guinea  pig  is  much 
greater  than  in  the  rat  and  pigeon. 

A  comparison  of  the  relative  number  of  mitoses  in  the  different  parts  of  the 
epithelium  during  regeneration  shows  the  following:  Two  days  after  the  making 
of  the  wound  all  the  mitoses  are  found  in  the  old  epithelium  and  none  are 
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observed  in  the  epidermal  tongue.  This  applies  to  all  three  species.  After  5 
days  the  number  of  mitoses  in  the  tongue  is  somewhat  larger  than  in  the  old 
epithelium  in  the  guinea  pig.  The  same  holds  good  in  the  pigeon,  while  the 
number  is  about  equal  in  both  places  in  the  rat.  On  the  7th  day  in  all  three 
species  the  number  of  mitoses  is  much  greater  in  the  new  than  in  the  old 
epithelium.  After  9  days  the  number  of  mitoses  is  greater  in  the  old  than  in 
the  new  epithelium  in  the  guinea  pig,  while  in  the  rat  and  pigeon  the  number 
of  mitoses  is  still  greater  in  the  new  epithelium,  because  in  the  two  latter  animals 
the  wound  is  either  not  yet  closed  or  is  just  at  the  point  of  closing  at  this 
period,  in  contradistinction  to  the  guinea  pig,  where  the  closure  has  taken  place 
previously.  On  the  nth  and  14th  days  the  difference  between  the  number  of 
mitoses  in  the  old  and  new  epithelium  is  very  slight  in  all  three  species.  The 

number  is,  however,  in  the  rat  and  in  the  pigeon  slightly  greater  in  the  new 

than  in  the  old  epithelium,  while  it  is  about  the  same  in  the  guinea  pig. 

We  find,  therefore,  in  all  three  species  the  increase  in  mitoses  at  first 

entirely  confined  to  the  old  epithelium.  Then  the  number  of  mitoses  becomes 

greater  in  the  new  than  in  the  old  epithelium  on  the  7th  day.  After  closure  of 
the  wound  on  the  iith  and  14th  days  the  number  of  mitoses  is  slightly  greater 
in  the  new  than  in  the  old  epithelium  in  the  case  of  the  pigeon  and  rat,  while  it 
is  about  equal  at  both  places  in  the  guinea  pig. 


SUMMARY. 

1.  A  comparative  study  of  the  resting  and  regenerating  epidermis 
of  the  rat,  pigeon,  and  guinea  pig  shows  the  connection  between 
the  structure  of  the  skin  and  the  proliferating  power  of  the  epithe¬ 
lial  cells.  We  may  at  present  distinguish  two  types  of  epidermal 
cells;  (a)  cells  with  less  proliferative  energy  (pigeon  and  rat),  and 
(b)  cells  with  a  greater  proliferative  power  (guinea  pig)  ;  the 
former  provides  the  element  from  which  the  type  of  a  thin  epidermis 
is  built  up,  while  from  the  latter  the  type  of  a  thick  epidermis 
develops. 

2.  The  cell  type  with  greater  proliferative  power  in  the  normal 
skin  shows  also  greater  proliferative  power  during  regeneration,  and 
the  regenerative  stimulus  causes  approximately  the  same  relative  in¬ 
crease  in  the  number  and  size  of  cells  and  nuclei  in  both  kinds  of 
skin  during  regeneration,  provided  that  we  base  our  determination 
of  the  number  of  mitoses  on  the  same  unit  number  of  cells  in  both 
skins  rather  than  on  the  same  unit  area.  The  absolute  increase  in 
the  number  of  cells  during  regeneration  is  greatest  in  the  type  with 
the  greatest  proliferative  power  in  the  normal  cell  (guinea  pig). 

3.  The  number  of  mitoses  and  the  size  of  cells  and  nuclei  follow  a 
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similar  curv^e  in  the  different  species  during  regeneration.  They 
reach  a  maximum  approximately  on  the  yth  day ;  remain  stationary 
or  show  some  decline  from  the  yth  day  on  until  the  time  of  the 
closure  of  the  wound;  following  the  closure  a  further  fall  takes 
place ;  but  the  figures  remain  higher  than  in  the  normal  epidermis  for 
a  considerable  period  afterwards.  There  seems,  therefore,  to  exist 
under  the  conditions  of  our  experimentation  a  period  of  approxi¬ 
mately  7  days,  at  the  end  of  which  the  regenerative  stimulus  reaches 
its  maximum  effect. 

The  closure  of  the  wound  represents  probably  an  additional  factor 
determining  the  curve  of  cell  proliferation.  Failure  of  the  wound 
to  close  at  an  early  date  seems  to  make  the  decline  in  the  number 
of  mitoses  sharp  after  the  maximum  has  been  reached. 

4.  The  curve  representing  the  thickness  of  living  regenerating 
epithelium  declines  much  more  slowly  than  the  curve  representing 
cell  size  and  number  of  mitoses.  This  indicates  probably  that 
even  after  closure  of  the  wound  some  push  of  epithelial  cell  towards 
the  center  of  the  former  wound  continues  to  take  place. 

5.  From  the  second  day  the  additional  growth  of  the  epidermal 
tongue  decreases  in  each  successive  period,  if  we  use  the  length  of 
the  tongue  at  the  beginning  of  each  period  as  the  unit  of  measure¬ 
ment. 

6.  Retraction  and  contraction  of  the  wound  are  factors  additional 
to  epithelial  movements  and  epithelial  proliferation  determining  the 
closure  of  the  wound. 


LIVER  FUNCTION  AS  INFLUENCED  BY  ANESTHETICS 
AND  NARCOTICS  * 

By  G.  H.  WHIPPLE,  M.D.,  and  J.  S.  SPEED. 

{From  the  George  Williams  Hooper  Foundation  for  Medical  Research,  Uni¬ 
versity  of  California  Medical  School,  San  Francisco,  and  the  Hunterian 
Laboratory  of  Experimental  Pathology,  Johns  Hopkins  Medical 
School,  Baltimore.) 

The  functional  capacity  of  the  liver  may  be  estimated  by  means  of 
phenoltetrachlorphthalein.  This  drug  when  given  intravenously 
in  a  normal  dog  will  be  excreted  solely  in  the  bile  and  can  be  re¬ 
covered  from  the  feces.  The  output  of  normal  dogs  is  fairly 
constant,  and  the  upper  and  lower  limits  of  excretion  may  be  placed 
at  65  and  45  per  cent.,  respectively.  A  normal  dog  under  uniform 
conditions  gives  a  constant  output  and  rarely  varies  more  than  10 
per  cent,  between  the  limits  of  65  and  45  per  cent. 

In  earlier  publications^’^  we  have  reported  experiments  to  show 
that  phenoltetrachlorphthalein  is  removed  from  the  body  fluids  by 
the  activity  of  the  hepatic  epithelium  and  escapes  with  the  bile  into 
the  intestinal  tract.  Any  poison  which  injures  the  hepatic  epithe¬ 
lium  (chloroform,  phosphorus,  hydrazin)  will  cause  a  drop  in  the 
output  ot  phthalein,  and  this  fall  in  the  phthalein  curve  will  be 
proportional  to  the  amount  of  liver  injury.  In  severe  liver  injury 
the  phthalein  output  may  fall  to  zero.  Injury  of  the  liver  by 
actual  cautery  will  cause  a  fall  in  the  phthalein  output,  depending 
upon  the  tissue  destroyed  and  the  inflammatory  reaction.  Given 
an  actual  injury  of  the  liver  cell,  it  will  be  noted  that  the  phenol¬ 
tetrachlorphthalein  appears  in  the  urine  in  demonstrable  quan'- 
tities,  even  i  to  10  per  cent.  This  is  never  demonstrated  in  nor¬ 
mal  animals. 

Received  for  publication,  December  12,  1914. 

1  Whipple,  G.  H.,  Mason,  V.  R.,  and  Peightal,  T.  C.,  Bull.  Johns  Hopkins 
Hosp.,  1913,  xxiv,  207. 

2  Whipple,  G.  H.,  Peightal,  T.  C.,  and  Clark,  A.  H..  Bull.  Johns  Hopkins 
Hosp.,  1913,  xxiv,  343. 
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After  a  liver  injury  by  means  of  chloroform  the  liver  may  re¬ 
pair  its  injured  cells  and  form  new  ones.  At  this  time  the  phthal- 
ein  excretion  may  rise  above  normal,  indicating  perhaps  that  the 
new  cells  are  more  active.  The  same  indication  of  hyperactivity 
may  be  noted  after  small  doses  of  hepatic  poisons,  which  may  have 
an  irritant  effect  or  actually  stimulate  the  liver  cells.  Hyperactiv¬ 
ity  is  quite  distinct  in  the  condition  of  tetany  brought  about  by  re¬ 
moval  of  the  parathyroid  glands.^ 

Vascular  disturbances  may  so  modify  the  environment  of  the 
liver  cell  as  to  cause  various  degenerations;  for  example,  fatty 
degeneration  in  passive  congestion.  In  experimental  passive  con¬ 
gestion  the  phthalein  output  may  show  a  diminution  depending  upon 
the  severity  of  the  passive  congestion.  The  Eck  fistula  which 
shunts  the  portal  blood  around  the  liver  and  reduces  the  blood  cir¬ 
culating  through  the  liver  to  about  one-third  normal,  will  modify 
the  excretion  of  phenoltetrachlorphthalein. 

The  ductless  glands  modify  the  functional  activity  of  the  liver, 
as  pointed  out  in  a  recent  publication.  Pancreatic  extirpation  is  fol¬ 
lowed  by  a  falling  curve  of  phthalein  excretion  which  may  go  as 
low  as  one-third  normal.  This  indicates  that  the  pancreas  is  essen¬ 
tial  for  proper  liver  function  and  suggests  that  the  pancreas  may 
have  an  accelerating  influence  on  the  liver. 

Adrenal  insufficiency  is  accompanied  by  a  fall  in  the  phthalein 
excretion,  and  with  hypertrophy  of  the  remaining  adrenal  frag¬ 
ment  the  liver  excretion  returns  to  normal. 

Hypophysis  extirpation  is  followed  by  minor  fluctuations  in  the 
phthalein  curve  with  a  final  drop  which  takes  place  shortly  before 
the  drop  in  body  temperature  which  precedes  the  fatal  outcome. 

Thyroid  removal  causes  no  change  in  phthalein  excretion.  Par¬ 
athyroid  extirpation  with  tetany  is  associated  with  a  maximum 
excretion  of  phenoltetrachlorphthalein,  and  in  many  instances  evi¬ 
dence  of  hyperexcretion  and  abnormal  activity  of  the  liver  cells. 
We  may  assume  that  in  the  condition  of  parathyroid  tetany  the 
liver  cells  are  acted  on  by  some  powerful  stimulus, — that  in  this 
condition  they  remove  the  phthalein  from  the  blood  and  pour  it  into 
the  intestine  very  promptly.  In  fact,  the  liver  output  will  almost 
3  Whipple,  G.  H.,  and  Christman,  P.  W.,  Jour.  Expcr.  Med.,  1914,  xx,  207. 
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equal  the  amount  recovered  from  the  feces  after  mouth  feeding, 
almost  a  quantitative  elimination  of  the  drug  through  the  liver. 

All  these  experiments  show  how  accurate  an  index  of  liver  activ¬ 
ity  is  the  excretion  of  phenoltetrachlorphthalein.  As  experi¬ 
mental  evidence  accumulates  we  learn  to  place  more  and  more 
confidence  in  this  drug  as  an  indicator  of  hepatic  activity.  The  ex¬ 
periments  given  below  show  that  ether  anesthesia  given  over  a 
period  of  two  hours  may  cause  interference  with  liver  function 
lasting  over  a  period  of  twenty-four  hours  after  the  anesthesia. 
There  is  no  comparison,  of  course,  with  the  injury  done  by  chloro¬ 
form  anesthesia,  which  causes  actual  liver  necrosis  and  much 
greater  impairment  of  liver  function. 

Paraldehyde  in  sufficient  amounts  to  produce  stupor  usually 
causes  a  drop  in  the  phthalein  curve.  Chloral  and  urethane  give 
very  similar  results.  Small  doses  may  cause  no  depression,  but 
rather  a  maximum  output,  suggesting  that  small  doses  may  actu¬ 
ally  stimulate  the  liver  cells. 

Alcohol  in  large  doses  sufficient  to  produce  stupor  for  several 
hours  causes  a  depression  of  the  phthalein  excretion  and  indicates 
a  definite  injury  to  the  liver  cells.  That  the  liver  at  this  time  might 
be  more  susceptible  to  various  injurious  agents,  for  example  bacte¬ 
ria,  seems  highly  probable. 

When  phthalein  injection  gives  evidence  of  a  depression  of  liver 
activity  to  two-thirds  or  one-half  normal,  we  may  assume  a  very 
definite  interference  with  liver  activity.  A  depression  of  this 
amount  may  be  found  in  an  Eck  fistula  liver,  or  in  one  handicapped 
by  passive  congestion,  or  even  in  one  injured  by  phosphorus  or 
hydrazin.  This  comparison  shows  that  the  injury  done  the  liver 
by  these  anesthetics  and  narcotics,  although  temporary,  is  really 
definite  and  worthy  of  consideration. 

METHOD. 

The  method  used  has  been  described  in  a  recent  publication,*  and  in  fact 
these  experiments  were  done  at  that  time  with  a  great  number  of  control  ex¬ 
periments.  The  references  given^.^.T  cover  all  the  points  concerning  the  prep- 

*  Whipple  and  Christman,  he.  cit. 

®  Whipple,  Peightal,  and  Clark,  he.  eit. 

®  Rowntree,  L.  G.,  Hurwitz,  S.  H.,  and  Bloomfield,  A.  L.,  Bull.  Johns  Hopkins 
Hasp.,  1913,  xxiv,  327. 

^  Whipple  and  Christman,  he.  eit. 
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aration  of  the  drug  for  injection,  the  extraction  of  the  feces,  and  the  general 
control  and  conduct  of  the  experiments. 

EXPERIMENTAL  OBSERVATIONS. 

ETHER  ANESTHESIA. 

Dog  1 3-1. — Young  mongrel,  male;  weight  14  pounds. 

Oct.  23.  Phthalein  0.16  gm.  intravenously. 

Oct.  24.  Abundant  feces.  Phthalein  excretion  48  per  cent. 

Oct.  30,  II  A.  M.  Ether  anesthesia  2  hours.  At  the  end  of  the  anesthesia 
phthalein  o.i  gm.  given  intravenously.  Urine  shows  a  trace  of  phthalein. 

Oct.  31.  Abundant  feces.  Phthalein  excretion  26  per  cent. 

Nov.  6.  Phthalein  o.i  gm.  intravenously.  Urine  contains  no  phthalein 

Nov.  8.  Formed  feces.  Phthalein  excretion  44  per  cent. 

ETHER  ANESTHESIA. 

Dog  12-104. — Small  fox-terrier,  male;  weight  15^4  pounds. 

Oct.  30,  I  p.  M.  Phthalein  0.1  gm.  intravenously. 

Oct.  31.  Abundant  feces.  Phthalein  excretion  49  per  cent. 

Jan.  15,  3  p.  M.  Ether  anesthesia  2  hours.  At  the  end  of  the  anesthesia 
phthalein  0.1  gm.  given  intravenously. 

Jan.  17.  Abundant  feces.  Phthalein  excretion  39  per  cent. 

ETHER.  ALCOHOL.  CHLOROFORM. 

Dog  13-55. — Strong  bulldog,  male;  weight  23  pounds. 

Jan.  20.  Phthalein  0.2  gm.  intravenously. 

Jan.  21.  Abundant  feces.  Phthalein  excretion  66  per  cent. 

Feb.  4.  Light  ether  anesthesia  2  hours.  At  the  end  of  the  anesthesia 
phthalein  0.2  gm.  given  intravenously. 

Feb.  S.  Abundant  feces.  Phthalein  excretion  63  per  cent. 

Feb.  II.  Ether  anesthesia  2  hours;  deeper  anesthesia  than  before.  At  the 
end  of  the  anesthesia  0.2  gm.  phthalein  given  intravenously. 

Feb.  12.  Urine  shows  a  trace  of  phthalein;  no  feces. 

Feb.  14.  Abundant  feces.  Phthalein  excretion  53  per  cent. 

Feb.  18,  10  A.  M.  Dog  given  50  c.c.  of  95  per  cent,  alcohol  by  stomach  tube. 
This  caused  much  intoxication,  but  dog  was  able  to  walk  a  little.  5  p.  m.  Dog 
recovering  from  intoxication.  Phthalein  0.2  gm.  intravenously. 

Feb.  20.  Some  difficulty  with  purgation.  Phthalein  excretion  60  per  cent. 

Apr.  21.  Chloroform  anesthesia  i  hour. 

Apr.  22.  Phthalein  0.2  gm.  intravenously.  Urine  contained  much  phthalein 
(7  per  cent.). 

Apr.  24.  Abundant  feces.  Phthalein  excretion  31  per  cent. 

The  preceding  experiments  show  that  ether  anesthesia  for  two 
hours  may  cause  a  temporary  decrease  in  hepatic  secretion  and 
elimination  of  phenoltetrachlorphthalein.  It  is  to  be  kept  in  mind 
that  the  phthalein  is  injected  at  the  end  of  the  period  of  anesthesia 
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and  its  excretion  takes  place  during  the  following  twenty-four 
hours.  The  evidence  shows  that  the  injury  done  by  the  drug 
affects  the  functional  capacity  of  the  liver  for  the  twenty-four 
hours  subsequent  to  the  anesthesia.  There  is  no  histological  evi¬ 
dence  of  liver  injury,  but  we  have  shown  elsewhere  that  this  physio¬ 
logical  test  is  more  sensitive  than  any  estimate  based  on  histolog¬ 
ical  evidence.  Ether  anesthesia  for  one  hour  will  scarcely  cause 
any  evidence  of  depressed  liver  function,  and  in  many  instances  a 
two  hour  light  surgical  anesthesia  will  not  cause  any  depression  in 
the  phthalein  curve  of  a  strong  dog. 

Ether  anesthesia  causes  a  small  amount  of  phthalein  to  appear 
in  the  urine,  which  speaks  in  favor  of  a  slight  actual  injury  to  the 
liver  parenchyma.  It  is  seen  in  the  preceding  experiment  that  a 
large  amount  of  phthalein  escapes  in  the  urine  after  a  chloroform 
anesthesia,  which  is  known  to  cause  outspoken  central  liver  necrosis. 
It  has  been  shown  in  earlier  communications  that  injury  of  the  liver 
cell  is  responsible  for  a  modification  of  the  phenoltetrachlorphthal- 
ein,  which  permits  it  to  pass  the  kidney  filter.  We  may  assume 
then  that  there  is  in  all  probability  a  slight  injury  produced  in  the 
liver  cells  by  two  hours  of  ether  anesthesia. 

PARALDEHYDE. 

Dog  13-50. — Young  terrier,  male;  weight  14^  pounds. 

Jan.  17.  Dog  has  distemper,  but  is  in  fair  condition,  ii  a.  m.  Paraldehyde 
6.5  c.c.  given  by  stomach  tube.  11.30  a.  m.  Dog  is  reeling  about  cage  in  wild 
excitement,  i  p.  m.  Periods  of  excitement  and  again  of  stupor.  Phthalein 
o.i  gm.  intravenously  and  paraldehyde  i  c.c.  given  by  stomach  tube.  2.30  p.  m. 
Dog  much  intoxicated  and  disoriented.  4.30  p.  m.  Condition  unchanged. 

Jan.  18,  II  A.  M.  Dog  recovered  from  drug.  Urine  shows  only  a  faint  trace 
of  phthalein. 

Jan.  19.  Abundant  feces.  Phthalein  excretion  33  per  cent. 

Jan.  28.  Dog  quite  sick  with  distemper  and  bad  diarrhea.  Phthalein  o.i  gm. 
intravenously.  Urine  shows  no  phthalein. 

Jan.  29.  Fluid  feces.  Phthalein  excretion  52  per  cent. 

PARALDEHYDE. 

Dog  H-2. — Small  mongrel;  weight  1314  pounds. 

Jan.  8.  Phthalein  0.1  gm.  intravenously. 

Jan.  9.  Fluid  feces.  Phthalein  excretion  55  per  cent. 

Jan.  II.  Phthalein  0.1  gm.  intravenously.  Dog  has  little  distemper  and 
weighs  only  12*4  pounds.  Urine  contains  no  phthalein. 
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Jan.  12.  Abundant  feces.  Phthalein  excretion  54  per  cent. 

Jan.  20,  12  M.  Paraldehyde  5  c.c.  by  stomach  tube.  I  p.  m.  Anesthesia 
complete;  no  period  of  excitement.  Muscular  tremors  noticeable.  3  p.  m. 
Dog  excited  and  reels  about  cage.  5  p.  m.  Dog  very  noisy  and  excited,  rolls 
about  cage.  Phthalein  o.i  gm.  intravenously. 

Jan.  21.  Urine  contains  much  phthalein  (o.i  per  cent.  +). 

Jan.  22.  Fluid  feces.  Phthalein  excretion  25  per  cent.  3  p.  m.  Dog  given 
ether  and  killed. 

Autopsy. — The  organs  are  all  negative  except  the  liver.  Bile  passages  are 
normal.  Liver  shows  slight  central  atrophy  and  a  little  fatty  degeneration  at  the 
edge  of  the  liver  lobules.  Microscopical  section  shows  a  little  fatty  degenera¬ 
tion  of  the  liver  cells,  but  the  nuclei  are  normal  and  the  fat  droplets  not  numer¬ 
ous.  The  endothelial  cells  contain  a  good  deal  of  yellow  pigment. 

PARALDEHYDE. 

Dog  13-57. — Mongrel  fox-terrier;  weight  iij4  pounds. 

Jan.  28,  12  M.  Phthalein  0.1  gm.  intravenously. 

Jan.  29.  Abundant  feces.  Phthalein  excretion  58  per  cent. 

Feb.  10.  Phthalein  0.1  gm.  intravenously. 

Feb.  II.  Abundant  fluid  feces.  Phthalein  excretion  66  per  cent. 

Mar.  18,  9.30  A.  M.  Dog  is  well.  Paraldehyde  c.c.  with  4  c.c.  of  alcohol 
given  by  stomach  tube.  10.30  A.  M.  Dog  is  much  intoxicated;  salivation  marked. 
II  A.  M.  Dog  not  under  anesthetic,  but  rolls  about  aimlessly.  4  p.  m.  Dog  out 
of  influence  of  drug.  Phthalein  0.1  gm.  intravenously.  LTrine  shows  no  phthalein. 

Mar.  19.  Abundant  fluid  feces.  Phthalein  excretion  65  per  cent. 

The  three  preceding  experiments  indicate  that  paraldehyde  in 
doses  sufficient  for  anesthesia  causes  a  lowering  of  the  functional 
capacity  of  the  liver  during  the  following  twenty-four  hours.  A 
dose  which  does  not  cause  anesthesia  may  or  may  not  cause  de¬ 
pression  of  the  liver  function.  The  last  experiment  shows  the 
maximum  excretion  of  phthalein  after  a  dose  of  paraldehyde  suffi¬ 
cient  to  cause  intoxication  for  four  or  five  hours. 

ALCOHOL. 

Dog  13-16. — Strong  mongrel,  male;  weight  21 pounds. 

Nov.  22.  Phthalein  0.2  gm.  intravenously. 

Nov.  24.  Abundant  feces.  Phthalein  excretion  56  per  cent. 

Dec.  20,  II  A.  M.  Dog  given  50  c.c.  of  95  per  cent,  alcohol  by  stomach  tube. 
2  p.  M.  Dog  is  intoxicated,  but  can  walk  with  difficulty.  4  p.  M.  Dog  still 
intoxicated.  Phthalein  0.2  gm.  intravenously.  At  the  same  time  the  dog  is  given 
20  c.c.  of  95  per  cent,  alcohol. 

Dec.  21.  No  feces.  Urine  contains  no  phthalein. 

Dec.  22.  Abundant  feces.  Phthalein  excretion  55  per  cent. 

Jan.  20.  Dog  is  in  good  condition.  Weight  24^^  pounds.  12  m.  Dog  given 
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so  c.c.  of  95  per  cent,  alcohol  by  stomach  tube;  no  food  given  previously. 

12.30  p.  M.  Dog  in  stupor  and  unable  to  walk.  3  p.  m.  Dog  in  stupor  and  can 
not  be  roused.  5  p.  m.  Dog  still  deeply  intoxicated,  but  attempts  to  move.  Given 
25  c.c.  of  95  per  cent,  alcohol.  Phthalein  0.2  gm.  intravenously.  Urine  shows 
no  phthalein. 

Jan.  21,  II  A.  M.  Dog  is  still  somewhat  intoxicated  and  weak. 

Jan.  22.  Abundant  feces.  Phthalein  excretion  38  per  cent. 

Mar.  25.  Dog  is  well.  10.30  a.  m.  Dog  given  30  c.c.  of  95  per  cent,  alcohol 
by  stomach  tube,  ii  A.  M.  Dog  is  intctxicated  and  staggers  about  cage.  12.30 
A.  M.  Dog  is  restless  and  excited.  Phthalein  0.2  gm.  intravenously.  3  p.  m. 
Recovery  almost  complete. 

Mar.  27.  Abundant  feces.  Phthalein  excretion  54  per  cent. 

ALCOHOL. 

Dog  13-29. — Strong  bulldog,  female;  weight  27  pounds. 

Dec.  27.  Phthalein  0.2  gm.  intravenously. 

Dec.  29-30.  Purgation  delayed.  Phthalein  excretion  48  per  cent. 

Jan.  7.  Phthalein  0.2  gm.  intravenously. 

Jan.  8.  Abundant  feces.  Phthalein  excretion  45  per  cent. 

Mar.  18,  9.30  A.  M.  Dog  given  50  c.c.  of  95  per  cent,  alcohol  by  stomach  tube. 

10.30  A.  M.  Dog  vomited  some  fluid  and  alcohol.  10.45  a.  m.  Dog  is  drowsy, 
but  not  intoxicated.  Given  30  c.c.  of  95  per  cent,  alcohol.  11.30  a.  m.  Dog 
deeply  intoxicated.  4  p.  m.  Dog  still  much  intoxicated.  Given  25  c.c.  of  95  per 
cent,  alcohol.  Phthalein  0.2  gm.  intravenously. 

Mar.  19.  Dog  still  somewhat  intoxicated  and  thirsty. 

Mar.  20.  Abundant  feces.  Phthalein  excretion  28  per  cent. 

"J'he  three  preceding  experiments  show  that  large  doses  of  alcohol 
sufficient  to  cause  stupor  for  a  few  hours  may  bring  about  a  de¬ 
creased  phthalein  excretion  during  the  twenty-four  hours  follow¬ 
ing  administration  of  the  drug.  Some  animals  are  much  more 
resistant  than  others  and  may  take  large  doses  without  any  demon¬ 
strable  variation  in  the  phthalein  curve. 

ALCOHOL.  URETHANE. 

Dog  13-25. — Strong  brindle  bull,  male ;  weight  21  pounds. 

Dec.  18.  Phthalein  0.2  gm.  intravenously. 

Dec.  19.  Abundant  feces.  Phthalein  excretion  65  per  cent. 

Jan.  10.  Phthalein  0.2  gm.  intravenously. 

Jan.  11-12.  Little  delay  in  purgation.  Phthalein  excretion  55  per  cent. 

Jan.  13,  12  M.  Dog  given  50  c.c.  of  95  per  cent,  alcohol  by  stomach  tube. 

2.30  P.M.  Dog  pretty  much  intoxicated.  Given  40  c.c.  of  95  per  cent,  alcohol. 

3.30  p.  M.  Dog  is  deeply  intoxicated  and  lies  on  side.  4.30  p.  M.  Vomits  fluid 
and  food.  6  p.  m.  Phtlialein  0.2  gm.  intravenously.  Jan.  15.  Abundant  feces. 
Phthalein  excretion  44  per  cent. 
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Mar.  25,  10.30  A.  M.  Dog  is  well;  weight  27  pounds.  Given  12  gm.  of 
urethane  in  water  by  stomach  tube,  ii  a.  m.  Dog  excited  and  intoxicated,  but 
can  walk  about.  12.30  p.  m.  Dog  intoxicated,  but  conscious.  Given  4  gm.  of 
urethane.  Phthalein  0.2  gm.  intravenously.  5  p.  m.  Dog  reels  about,  but  is 
quite  active, — not  drowsy. 

Mar.  26.  Urine  contains  no  phthalein. 

Mar.  26-27.  Fluid  feces.  Phthalein  excretion  64  per  cent. 

URETHANE.  CHLORAL. 

Dog  13-17. — Active  mongrel,  male;  weight  1614  pounds. 

Jan.  10.  Phthalein  o.i  gm.  intravenously. 

Jan.  12.  Phthalein  excretion  61  per  cent. 

Jan.  20,  12  M.  Dog  given  urethane  7  gm.  by  stomach  tube,  i  p.  m.  Dog  is 
drowsy  and  unable  to  walk.  3  p.  m.  Dog  in  stupor;  slow  respiration,  but  eyes 
open.  5  p.  M.  Urethane  2  gm.  by  stomach  tube.  Phthalein  o.i  gm.  intravenously. 

Jan.  21.  Urine  contains  a  definite  amount  of  phthalein.  Dog  made  good 
recovery  and  is  normal. 

Jan.  22.  Abundant  feces.  Phthalein  excretion  40  per  cent. 

Mar.  18,  9.30  A.  M.  Dog  is  well;  weight  15I4  pounds.  Chloral  5  gm.  by 
stomach  tube.  10.30  a.  m.  Deep  anesthesia  with  slow  respiration.  4  p.  m.  Deep 
anesthesia  continues.  Dog  is  quite  cool  and  put  on  heat  pad.  Phthalein  0.1  gm. 
intravenously. 

Mar.  19.  Dog  quite  recovered.  Urine  contains  0.5  per  cent,  phthalein. 

Mar.  20.  Abundant  fluid  feces.  Phthalein  excretion  32  per  cent. 

The  two  preceding  experiments  indicate  that  urethane  and  chloral 
belong  in  the  same  group  with  alcohol.  Their  effect  upon  the 
liver  function,  with  the  excretion  of  phenoltetrachlorphthalein 
as  an  indicator,  is  identical. 

CHLORAL.  PREGNANCY. 

Dog  13-19. — Strong  bulldog,  female;  weight  30  pounds. 

Dec.  6.  Phthalein  0.2  gm.  intravenously. 

Dec.  7.  Fluid  feces.  Phthalein  excretion  63  per  cent. 

Mar.  25,  10.30  A.  M.  Dog  given  4  gm.  of  chloral  by  stomach  tube.  11.30 
A.  M.  Dog  is  drowsy  and  reacts  slowly  to  stimuli.  12.30  p.  m.  Condition  the 
same.  Phthalein  0.2  gm.  intravenously.  3  p.  m.  Dog  recovered  from  effects  of  drug. 

Mar.  27.  Abundant  feces.  Phthalein  excretion  67  per  cent. 

June  10.  Dog  is  in  last  week  of  pregnancy.  Weight  37  pounds.  Phthalein 
0.2  gm.  intravenously. 

June  II.  Abundant  feces.  Phthalein  excretion  61  per  cent. 

This  experiment  (dog  13-19)  shows  that  a  small  dose  of  chloral 
does  not  depress  liver  function  and  gives  some  evidence  that  it  may 
actually  stimulate  the  liver  excretion.  This  is  in  harmony  with 
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other  observations  given  above  and  in  other  papers  to  the  effect 
that  a  small  dose  of  a  drug  may  stimulate  the  liver,  whereas  a 
larger  dose  may  injure  the  liver  and  depress  its  functional  activity. 
It  is  hard  to  show  this  point  clearly  in  a  normal  dog,  as  the  normal 
output  is  very  close  to  the  maximum  output  under  any  condition, 
and  to  the  amount  recovered  in  the  feces  after  feeding  the  drug. 


CHLOROFORM  BY  STOMACH. 

Dog  13-36. — Young  bulldog,  female;  weight  21  pounds. 

Jan.  19.  Phthalein  0.15  gm.  intravenously. 

Jan.  20.  Abundant  feces.  Phthalein  excretion  56  per  cent. 

Jan.  23,  12  M.  Chloroform  15  c.c.  by  stomach  tube,  i  p.  M.  Dog  vomited 
some  of  the  chloroform.  4.30  p.  m.  Dog  given  10  c.c.  of  chloroform  by  stomach. 
No  vomiting.  5.30  p.  m.  Dog  curled  up  quietly  and  shows  no  anesthesia. 

Jan.  24.  Dog  quiet  and  not  hungry.  Phthalein  0.2  gm.  intravenously. 

Jan.  26-27.  Some  delay  in  purgation.  Phthalein  excretion  19  per  cent. 

This  experiment  (dog  13-36)  shows  the  familiar  effect  of  chloro¬ 
form  upon  the  curve  of  phthalein  excretion  by  the  liver.  There 
is  good  evidence  of  injury  done  to  the  liver  and  interference  with 
its  capacity  to  excrete  phenoltetrachlorphthalein.  It  is  possible 
that  the  delay  in  purgation  was  responsible  for  a  part  of  the  drop 
in  phthalein  excretion,  but  it  cannot  explain  this  great  drop  in  ex¬ 
cretion  which  surely  was  dependent  on  actual  liver  injury. 

SUMMARY. 

It  has  been  established  that  specific  liver  poisons  (chloroform, 
phosphorus)  which  cause  histological  changes  in  the  liver  cells,  de¬ 
crease  the  liver  excretion  of  phenoltetrachlorphthalein. 

Also  vascular  disturbances  (Eck  fistula,  passive  congestion^  with 
or  without  histological  evidence  may  cause  a  fall  in  the  output  of 
phthalein  through  the  liver.  Sufficient  evidence  has  been  brought 
forward  to  show  that  the  phenoltetrachlorphthalein  excretion  is  a 
valuable  index  concerning  the  functional  capacity  of  the  liver. 

Ether  anesthesia  for  a  period  of  two  hours  usually  causes  a 
depression  in  the  phthalein  curve  during  the  twenty-four  hours  fol¬ 
lowing  the  anesthesia. 

Paraldehyde  in  doses  sufficient  to  give  anesthesia  and  stupor  for 
a  few  hours  will  give  a  definite  fall  in  phthalein  excretion. 
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Chloral  and  urethane  usually  cause  a  decrease  in  phthalein  output 
when  given  in  considerable  amounts. 

Alcohol  causes  a  drop  in  the  phthalein  curve  when  given  in  large 
doses  sufficient  to  cause  stupor  for  a  few  hours.  The  drop  in 
phenoltetrachlorphthalein  excretion  is  demonstrated  in  the  twenty- 
four  hours  following  administration  of  the  drug.  A  drop  in  the 
phthalein  curve  to  two-thirds  or  one-half  of  normal  indicates  a 
definite  liver  injury  and  temporary  impairment  of  function. 


NOTES  ON  THE  CULTIVATION  OF  TREPONEMA 
PALLIDUM.* 


By  HANS  ZINSSER,  M.D.,  J.  G.  HOPKINS,  M.D.,  and  RUTH  GILBERT. 

{From  the  Department  of  Bacteriology  of  the  College  of  Physicians  and  Sur¬ 
geons,  Columbia  University,  New  York.) 

Plate  21. 

During  the  past  fifteen  months  we  have  carried  out  a  large 
number  of  cultivations  of  Treponema  pallidum  for  the  purpose  of 
obtaining  masses  of  spirochete  material  for  further  experimental 
work  along  a  number  of  lines  which  need  not  be  detailed  in  our 
present  report.  By  the  courtesy  of  Professor  Fordyce,  Dr.  McKee, 
and  other  members  of  the  Department  of  Dermatology  and  Syphi¬ 
lis  of  the  College  of  Physicians  and  Surgeons,  it  has  been  easy 
for  us  to  obtain  patients  with  active  syphilitic  lesions,  and  we  began 
by  inoculating  rabbits  intratesticularly,  from  patients,  in  order  to 
obtain  material  with  which  to  work. 

We  have  had  seven  successful  inoculations  from  human  beings 
to  rabbits,  but  have  at  present  in  rabbits  only  four  strains  of  our 
own,  which  are  now  respectively  in  the  third,  fourth,  sixth,  and 
eleventh  rabbit  generations.  Although  we  are  now  engaged  in 
attempting  to  perfect  methods  of  obtaining  first  cultures  from 
rabbit  tissue,  we  have  in  pure  culture  at  present  but  one  of  our 
own  strains,  strain  A,  with  which  all  our  preliminary  cultivation 
work  was  done,  and  on  the  study  of  this  strain,  in  culture,  we  have 
concentrated.  This  strain  we  have  cultivated  at  different  times 
from  the  third  and  fifth  rabbit  generations,  thus  excluding  the 
possibility  of  its  being  Treponema  refringens  or  some  other  non- 
pathogenic  spirochete. 

Since  we  hope  to  publish  a  separate  report  upon  methods  of  first 
cultivation  from  rabbit  lesions  when  these  are  perfected,  we  shall 
limit  ourselves  in  the  present  communication  to  the  discussion  of 
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Cultivation  of  Treponema  pallidum. 


methods  of  cultivation  employed  after  the  strain  has  once  been 
obtained  in  vitro. 

Strain  A  was  first  purified  by  filtration  with  strong  suction 
through  a  Berkefeld  filter,  grade  N.  The  first  time  we  tried  this, 
with  an  old,  used  filter  candle,  it  happened  that  Treponema  pallidum 
came  through  without  accompanying  bacteria.  Thinking  that  this 
method  would  furnish  a  convenient  modification  of  Noguchi's 
original  method  of  culture  purification,  we  subsequently  carried 
out  forty-four  separate  filtrations  of  mixed  cultures  of  Treponema 
pallidum  and  bacteria.  We  hoped  that  Treponema  pallidum,  as 
in  the  first  attempt,  would  come  through  without  bacteria,  either 
because  of  its  greater  flexibility  of  body  or,  possibly,  because  of 
the  existence  of  a  minute  type  of  the  organism,  a  possibility  which 
has  been  discussed  in  the  past  by  a  number  of  workers.  Our  first 
experience  inclined  us  to  be  very  hopeful  of  such  a  result.  In  the 
entire  forty-four  subsequent  filtrations,  which  were  carried  out 
with  Berkefeld  candles  of  the  N,  V,  and  W  grades,  as  well  as  with 
a  number  of  Chamberland  F  candles,  and  twice  with  Pukall  filters, 
we  never  again  succeeded  in  sucking  spirochetes  through  the  filter 
unless  bacteria  accompanied  them.  In  these  filtration  experiments 
we  employed  filtration  periods  of  from  one  minute  to  two  hours 
and,  in  order  to  catch  any  possibly  very  young  and  therefore 
minute  forms  of  treponemata,  we  employed  cultures  varying  in 
age  from  six  to  forty-five  days.  Our  results  unfortunately  were 
uniformly  negative,  and  we  believe  that,  incidentally,  these  experi¬ 
ments  prove  that  we  may  exclude  the  existence  of  any  ultramicro- 
scopic  form  of  the  syphilitic  virus,  a  result  which  confirms,  for 
culture  material,  the  experience  of  Uhlenhuth  and  Mulzer,^  who 
carried  out  similar  experiments  on  the  filtration  of  material  ob¬ 
tained  from  luetic  ral)bit  testicles. 

CUI.TIVATION  ON  FLUID  MEDIA. 

Our  first  ])ure  cultures  were  grown  by  the  well  known  method 
of  Noguchi."  on  heated  human  ascitic  fluid  mixed  with  agar  in 
tubes,  after  the  addition  of  fresh  rabbit  kidnejL  and  covered  with 
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sterile  paraffin  oil.  In  our  early  cultivations  much  aid  was  given  us 
by  the  codperation  of  Dr.  Noguchi,  who  supplied  us  with  some  of 
his  cultures  for  comparison.  We  had  no  difficulty  in  carrying 
along  our  strain  on  this  medium  as  well  as  on  gelatinized  horse 
serum,  as  first  used  by  Schereschewsky,^  with  and  without  tissue 
additions.  In  this  connection  it  is  interesting  to  note  that  we  were 
not  able  to  grow  the  culture  on  horse  serum  without  tissue  unless 
the  serum  had  been  heated  and  gelatinized.  When  the  serum  had 
been  heated  in  this  way,  our  strain  grew  both  with  and  without  the 
addition  of  tissue,  and  not  only  on  the  horse  serum  but  also  upon 
similarly  prepared  sheep  and  beef  serum. 

In  the  work  that  we  had  planned  it  was  of  the  utmost  importance 
that  we  should  develop  a  fluid  medium  on  which  Treponema  pal¬ 
lidum  would  grow  readily  and  in  large  quantities.  We  therefore 
experimented  first  with  a  large  number  of  methods  modified  from 
the  published  method  of  Noguchi,  in  which  the  plants  are  made  in 
agar-serum-tissue  mixtures  and  are  allowed  to  grow  out  from  this 
into  fluid  serum-salt  solution-tissue  mixtures.  We  did  this  most 
successfully  finally  by  pouring  fluid  serum  agar,  to  the  height  of  about 
one  inch,  into  the  bottom  of  200  cubic  centimeter  flasks,  dropping 
into  this  sterile  bits  of  tissue,  and  inoculating.  When  the  agar  had 
solidified,  it  was  covered  with  a  mixture  of  either  salt  solution  and 
heated  ascitic  fluid,  or  slightly  acid  broth  and  ascitic  fluid,  up  to  the 
neck  of  the  flask,  and  a  few  bits  of  sterile  tissue  were  floated  in  the 
fluid.  The  flask  was  not  sealed,  but  the  fluid  was  covered,  as  be¬ 
fore,  with  liquid  paraffin  oil.  In  such  flasks  large  quantities  of 
treponemata  could  l)e  found  free  in  the  fluid  within  periods  of  from 
two  to  four  weeks. 

On  further  experimentation  it  was  soon  evident  that  it  would 
not  be  necessary  to  continue  the  addition  of  agar  to  such  cultures, 
and  for  the  last  six  months  we  have  been  growing  strain  A  directly 
in  flasks  containing  serum-broth  mixtures  with  bits  of  sterile  fresh 
rabbit  kidney.  We  have  also  used  with  success  fresh  rabbit  spleen 
and  fresh  organs  from  rats  and  cats.  The  cultures  from  such 
flasks  are  the  ones  from  which  we  are  obtaining  large  masses  of 
Treponema  pallidum  at  present.  In  a  .subsequent  paragraph  we 
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shall  describe  our  method  of  obtaining  and  of  washing  masses  of 
the  treponemata  so  cultivated.  Most  of  our  other  methods  in  which 
fresh  tissue  is  involved  are  merely  modifications  of  this  technique, 
which  we  think  especially  suitable  for  the  production  of  luetin.  A 
flask  so  prepared  is  shown  in  figure  i.  In  these  flasks  we  have  used 
with  success  not  only  human  ascitic  fluid,  but  also  heated  sheep 
serum,  horse  serum,  and  rabbit  serum,  respectively. 

CULTIVATION  WITHOUT  FRESH  TISSUE. 

One  of  the  chief  difficulties  in  the  cultivation  of  Treponema  pal¬ 
lidum,  as  all  workers  who  have  experimented  on  this  subject  are 
aware,  has  been  the  occasional  but  unavoidable  contamination  of 
the  tissue,  however  carefully  one  may  remove  it  from  the  freshly 
killed  animal. 

At  first  we  did  much  work  in  attempting  to  determine  the  factor 
contributed  by  the  tissue,  assuming  it  to  depend  probably  upon  the 
reducing  action  of  the  tissue  enzymes.  \\'^e  carried  out  a  large 
number  of  experiments  in  which  we  tried  to  obtain  the  reductase  of 
the  tissue, — if  it  existed, — in  solution.  However,  extraction  with 
water,  salt  solution,  alcohol,  etc.,  gave  us  no  reducing  substance 
apart  from  the  tissue  itself,  either  when  the  whole  tissue,  mace¬ 
rated  tissue,  or  the  juice  obtained  from  a  Buchner  press  was  em¬ 
ployed.  W'e  noticed,  however,  that  while  fresh  tissue,  under  toluol, 
actively  reduced  methylene  blue  solutions  in  the  course  of  two  or 
three  days,  the  same  action  to  a  slighter  degree  was  apparent  when 
heated  tissue  was  so  tested.  In  all  cases  the  decolorizing  Ixxly  act¬ 
ing  upon  the  methylene  blue  seemed  adherent  to  the  particles  of 
tissue  which  setile<l  out  of  the  emulsions,  but  never  seemed  a  prop¬ 
erty  of  the  clear  fluid  used  for  extraction.  We  are  inclined  to 
think  that  when  the  heated  tissue  is  used  the  decolorization  of  the 
methylene  blue  may  be  an  adsorption  of  the  dye  by  the  tissue  rather 
than  a  tnie  reduction  by  abstraction  of  oxygen.  It  was  noticed  in 
similar  experiments. — an  observation  which  is  not  at  all  new.  of 
course. — that  living  bacteria,  which  seem  in  contaminated  cultures 
largely  to  increase  the  spee<l  and  amount  of  the  growth  of  Tre¬ 
ponema  pallidum,  also  decolorize  methylene  blue,  a  property 
which  in  this  case,  as  far  as  we  can  ascertain  by  a  few  simple  ex- 
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periments,  does  not  belong  to  killed  cultures.  It  may  well  be  that 
in  this  case  the  action  is  a  true  reduction. 

Influenced  by  these  experiments,  but  also  because  we  thought  it 
a  procedure  at  least  worth  trying,  we  attempted  after  the  tenth 
culture  generation  to  grow  strain  A  with  heated  tissue  instead  of 
with  fresh  tissue.  As  a  result  we  have  found  that  this  strain  would 
develop  almost  as  well  in  the  presence  of  the  heated  as  in  the  pres¬ 
ence  of  the  fresh  tissue.  Since  then  we  have  cultivated  strain  A 
in  flasks  and  tubes  similar  to  those  described  above,  together  with 
autoclaved  rabbit  kidney,  liver,  spleen,  brain,  lung,  and  heart  and 
skeletal  muscles,  in  fluid  media  made  up  of  mixtures  of  slightly 
acid  meat  infusion  broth  with  heated  sheep  serum.  We  have  no 
doubt  that  similarly  good  results  would  follow  the  use  of  ascitic 
fluid  and  horse  and  rabbit  sera.  The  last  named  we  have  not  em¬ 
ployed,  however,  since  sheep  serum  has  been  the  material  easiest  to 
obtain  in  large  quantities  in  a  sterile  condition  with  our  present 
laboratory  facilities. 

Thinking  that  we  might  further  be  able  to  substitute  pure  cul¬ 
tures  of  bacteria  for  the  tissue,  we  carried  on  experiments  in  this 
direction  and  have  now  been  able  to  cultivate  strain  A  in  agar- 
sheep  serum  mixtures,  entirely  without  tissue,  in  symbiosis  with 
living  Staf^hylococcus  aureus,  with  Micrococcus  candicatis,  and 
streptococcus,  and  in  an  unintentionally  contaminated  culture  with 
Bacillus  fffcalis  alkaligcucs.  This  particular  strain,  also,  grew 
fairly  well  in  similar  serum-agar  tubes  after  the  addition  of  dead 
staphylococci. 

Encouraged  by  our  success  with  the  dead  tissues,  we  then  culti¬ 
vated  the  same  strain  successfully  upon  a  simple  medium  composed 
of  meat  juice  as  prepared  from  chopped  beef  in  the  production  of 
meat  infusion  media,  sterilized  in  the  autoclave,  with  no  other  ad¬ 
ditions. 

SUXtXr.XRY. 

Successful  cultures  of  strain  A  have  lieen  obtained  upon  the  fol¬ 
lowing  me<h'a,  with  degrees  of  growth  indicatc<l  in  the  following 
table. 

Original  Xofnschi  fcnim-agar-tif«uo  . uniformly  pood  growth. 

Original  Schcrcschowsky  gelatinized  horse  serum . good  growth. 

Sheep  serum,  heated  one  half  hour  at  50®  C.,  with  rahbit 

kidney  . good  growth. 
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Sheep  serum,  gelatinized,  heated  at  65°  C.,  without  rab¬ 
bit  kidney  . fair  growth. 

Sheep  serum,  gelatinized,  heated  at  65°  C.,  with  rabbit 

kidney  . excellent  growth. 

Slightly  acid  broth,  with  fresh  tissue  (no  agar). 

With  ascitic  fluid  . good  growth. 

With  sheep  serum  . good  growth. 

With  horse  serum  . good  growth. 

With  rabbit  serum . good  growth. 

Slightly  acid  broth  and  sheep  serum  with  autoclaved 
tissue  (kidney,  liver,  brain,  lung,  heart,  muscle, 
skeletal  muscle)  . excellent  growth. 


(Moderate  growth  of  this  strain  occurred  also 
with  heated  liver  and  kidney  tissue  in  broth  alone 


without  serum.) 

Meat  juice,  autoclaved,  without  removal  of  clots . good  growth. 

Symbiotic  in  ascitic  fluid  agar. 

With  Staphylococcus  pyogenes  aureus,  alive  and 

dead  . fair  growth. 

With  Micrococcus  caudicans,  alive . fair  growth. 

With  streptococcus  . very  good  growth. 


We:  do  not  think  that  it  would  have  been  possible  to  cultivate 
strain  A  in  these  various  media  when  first  obtained  in  vitro  from 
the  rabbit,  although  we  have  no  experiments  to  prove  this,  and 
further  work  alone  can  decide  whether  or  not  growth  on  the  simpler 
media  is  due  to  a  gradual  development  of  saprophytic  properties 
on  the  part  of  the  treponemata.  This,  however,  seems  to  us  likely, 
since  it  is  so  much  easier  to  carry  along  strains  once  obtained  than 
it  is  to  get  them  to  grow  at  all  at  first. 

^Mthough  the  fact  that  we  obtained  this  strain  in  culture  only 
after  it  had  passed  through  three  rabbit  generations  excluded  with 
reasonable  certainty  the  possibility  of  our  having  obtained  a  non- 
pathogenic  spirochete  accompanying  the  pallida  in  the  original 
mucous  ])atch  from  which  the  strain  was  obtained,  the  ease  with 
which  it  is  now  cultivated  seemed  to  us  to  call  for  further  assurance 
on  this  point,  since  we  had  unfortunately  neglected  to  try  reinocu¬ 
lation  in  rabbits  with  this  culture  at  a  period  before  the  rapid  at¬ 
tenuation,  noted  by  Noguchi,  might  have  occurred.  We  therefore 
sent  a  culture  of  this  organism  to  Dr.  Noguchi,  who  assures  us  that 
it  a])pears,  morphologically  and  in  manner  of  growth,  to  be  a  typical 
Treponema  pallidum.  In  order  further  to  satisfy  ourselves  on  this 
score  before  publishing  our  methods,  we  obtained,  by  the  courte.sy 
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of  Dr.  Noguchi,  three  of  his  strains,  which  we  have  labelled  N.  i, 
N.  2,  and  N.  3.  Experiments  with  these  strains  have  shown  that: 

N.  I  grows  well  on  sheep  serum-broth  with  autoclaved  kidney, 
liver,  and  brain,  though  not  as  profusely  as  our  own  strain  A. 

N.  2  has  grown  well,  quite  as  profusely  as  our  own,  on  sheep 
serum-broth  together  with  autoclaved  kidney,  liver,  brain,  lung,  and 
heart  muscle,  and  has  grown  slightly  on  autoclaved  liver  and  brain 
in  broth  alone  without  serum.  It  has  also  grown  well  without  tis¬ 
sue  in  agar  in  symbiosis  with  living  staphylococci. 

N.  3,  which  we  have  recently  obtained,  has  already  grown 
well  in  sheep  serum-broth  with  autoclaved  kidney  and  brain,  in 
sheep  serum-broth  in  symbiosis  with  staphylococci,  and  in  sheep 
serum-broth  with  an  autoclaved  clot  of  guinea  pig  blood. 

Since  two  of  these  strains  are  of  Dr.  Noguchi’s  own  isolation 
and  the  third  one  was  sent  to  him  and  passed  upon  by  him  as  a  true 
Treponema  pallidum,  we  feel  safe  in  saying  that  our  methods  will 
hold  good  with  Treponema  pallidum  generally,  certainly  after  pro¬ 
longed  cultivation  on  artificial  media.  We  believe  that  our  gen¬ 
eral  method  of  obtaining  profuse  growth  of  Treponema  pallidum 
in  fluid  media  without  agar,  composed  of  mixtures  of  slightly  acid 
broth  (acidity  0.2  to  0.8  per  cent.)  and  sheep  serum  (or  ascitic 
fluid,  or  horse  or  rabbit  scrum)  containing  autoclaved  tissue,  in 
long  necked  flasks  covered  with  paraffin  oil  (figure  i),  provides 
an  excellent  method  of  obtaining  mass  cultures  for  experimental 
work  and  for  concentrated  luetin  preparations. 

ol)tain  our  mass  cultures  by  cultivating  for  three  weeks  or 
longer  in  these  flasks,  then  centrifugalizing  for  a  short  time  in 
large  tubes  to  remove  clumps  of  precipitated  protein,  decanting, 
and  then  centrifugalizing  at  high  speed  in  small  tubes  to  throw 
down  the  organisms.  Since  many  of  the  treponemata  are  entangled 
in  the  sediment  first  precipitated,  a  larger  yield  can  be  obtained  l)y 
grinding  this  sediment  in  a  mortar  with  salt  solution  and  treating 
this  material  separately.  The  specific  gravity  of  the  treponemata 
appears  to  be  rather  low  and  there  is  considerable  loss  of  material 
in  this  procedure,  even  after  prolonged  centrifugalization.  Never¬ 
theless.  massive  sediments  of  the  treponemata  are  olitained  in  this 
way.  and  these  can  be  washed  in  salt  solution,  emulsified,  and  used, 
just  as  are  bacteria.  It  is  noticeable  also  that  suspensions  contain- 
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ing  very  large  numbers  of  treponemata  are  but  slightly  opaque  to 
the  naked  eye. 

Owing  to  the  fact  that  we  have  had  success  in  employing  auto¬ 
claved  tissue  in  the  cultivation  of  these  microdrganisms,  it  has  sug¬ 
gested  itself  to  us  that  the  factor  in  the  tissue  which  favors  the 
growth  of  the  treponemata  can  not  be  of  the  nature  of  an  enzyme. 
And  we  are  proceeding  to  attempt  tissue  extractions  with  a  view 
of  obtaining  apart  from  the  tissue  these  essential  constituents.  Dr. 
Hopkins  and  Miss  Gilbert  are  at  present  experimenting  upon  cul¬ 
tivations  made  with  the  aid  of  lipoidal  tissue  extracts,  especially 
cholesterin,  and  preliminary  experiments  point  favorably  toward 
the  importance  of  this  constituent  in  treponema  cultivation.  A  sub¬ 
sequent  report  will  be  published  on  this  work.  The  possible  bear¬ 
ing  of  this  upon  the  Wassermann  reaction  is  another  of  our  pro¬ 
jected  problems  upon  which  we  hope  shortly  to  be  able  to  formu¬ 
late  an  opinion. 

We  have  repeatedly  attempted  to  obtain  colony  growth  of  Tre¬ 
ponema  pallidum  in  serum  agar  plates  with  macerated  tissue. 
There  has  been  no  question  in  many  of  these  plants  of  the  active 
multiplication  of  the  treponemata;  in  no  case  have  we  observed  true 
colony  formation.  We  have,  however,  repeatedly  observed  a  quasi¬ 
colony  concentration  of  the  treponemata  in  symbiosis  with  colonies 
of  contaminating  bacteria,  especially  Staphylocoeciis  aureus.  It 
was  this  observation  which  formed  the  point  of  departure  for  our 
attempts  to  cultivate  Treponema  pallidum  symbiotically  with 
bacteria. 

CONCLUSIONS. 

We  consider  the  most  important  contribution  reported  in  this 
paper  the  fact  that  Treponema  pallidum  can  be  cultivated  in  fluid 
media,  without  the  addition  of  agar,  together  with  tissues  sterilized 
by  heat.  This  forms  an  excellent  method  of  obtaining  mass  cul¬ 
tures  for  luetin  preparation  and  immunological  experimentation. 
We  may  add  that  while  the  tissue  varieties  employed  have  all 
strongly  favored  the  growth  of  the  treponemata,  we  have  noticed 
especially  active  and  motile  cultures  when  lung  and  suprarenal  tissues 
were  employed. 

EXPLANATION  OF  PLATE  21. 

Fig.  t.  Flask  method  of  growing  Trepoitcuia  pallidum  in  large  quantities. 
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THE  MECHANISM  OF  THE  ABDERHALDEN  REACTION. 


Studies  on  Immunity.  L* 

By  J.  BRONFENBRENNER,  Ph.D. 

(From  the  Pathological  and  Research  Laboratories  of  the  Western  Pennsylvania 

'■  ■  Hospital,  Pittsburgh.) 

The  specificity  of  the  Abderhaklen  test  has  been  established  by 
a-  large  number  of  investigators  who,  in  compliance  with  Abder- 
halden’s  request,  worked  at  the  test  until  they  succeeded  in  obtain¬ 
ing  the  desired  results.  On  the  other  hand,  many  other  investi¬ 
gators  have,  on  the  basis  of  their  experiments,  questioned  the  speci¬ 
ficity  of  the  test.  From  the  beginning  Abderhalden  and  his  pupils 
claimed  that  faults  of  technique  were  responsible  for  the  failure  to 
obtain  satisfactory  results,  but  the  work  of  many  investigators  has 
shown  that  the  reaction  is  no  more  difficult  than  other  serological 
tests,  and  that,  therefore,  the  explanation  of  the  differences  of  the 
results  must  be  looked  for  in  other  directions. 

Several  communications  have  recently  appeared  which  attempt  to  find  an 
explanation  for  the  discr^epancy  of  the  results  obtained.  Flatow  (4r-2,-3),  Herz- 
feld  (jn),  Kjaergaard  (§),  Plant  (6),  and  others  reported  that  specific  results 
can  be  obtained  by  proper  manipulation  of  the  material,  and  that  one  can  manipu¬ 
late  the  same  material  so  as  to  obtain  a  positive  or  negative  Abderhalden  reac¬ 
tion  with  any  scrum.  Flatow  (3)  concludes,  for  instance,  that  hardly  any  serum 
will  fail  to  cleave  placenta  or  lung  tissue,  provided  a  proper  quantity  of  the  sub¬ 
stance,  however  well  controlled,  is  taken. 

These  investigations  throw  a  new  light  upon  the  complexity  of  the  nature  of 
the  Abderhalden  reaction,  or  at  least  they  show  conclusively  that  while  the  reac¬ 
tion  may  be  relatively  specific  within  certain  quantitative  limits,  it  ceases  to  be 
so  outside  of  these  limits,  depending  entirely  on  mechanical  adsorption.  Whether 
or  not  these  experiments  can  sufficiently  explain  all  the  discrepancies  in  the  results 
of  various  investigators,  they  show  that  certain  quantitative  manipulations  may 
bring  about  phenomena  closely  resembling  the  Abderhalden  reaction  in  a  non¬ 
specific  way,  thus  questioning  the  basis  of  the  Abderhalden  theory,  according  to 
which  the  cleavage  products  appear  solely  as  a  result  of  the  specific  digestion  by 
ferments. 

Tbe  experiments  of  de  Waele  (7)  especially  throw  doubt  upon  the  specificity 
of  the  ferments  on  which  the  Abderhalden  test  is  supposed  to  depend.  He  suc- 
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ceeded  in  demonstrating  the  presence  of  the  substances  responsible  for  the 
Ahderlialden  reaction  a  few  minutes  after  the  parenteral  introduction  of  the 
foreign  protein,  an  interval  hardly  sufficient  for  the  production  of  new  specific 
ferments.  These  results  corroborate  the  previous  findings  of  Heilner  and  Petri 
/i  who  concluded  from  the  rapidity  with  which  the  ferments  appeared  as  a 

result  of  the  parenteral  introduction  of  the  protein  that  this  must  be  a  case  not 
of  new  formation  of  such  ferments  but  of  specific  activation,  “  Arteinstelhing,” 
of  preexisting  ferments,  de  Waele,  indeed,  suggests  the  identity  of  this  ferment 
with  antithrombin. 

Apart  from  the  explanation  of  the  Ahderlialden  reaction  on  the  basis  of 
mechanical  adsorption  and  of  activation  of  preexisting  ferments,  a  number  of 
investigators  attempted  to  study  the  phenomena  underlying  the  Abderhalden  test 
from  the  standpoint  of  immunity.  Since  it  was  established  by  several  work¬ 
ers  that  the  complement  played  an  important  part  in  the  reaction,  the  simplest 
explanation  of  the  Abderhalden  test  would  be  the  identification  of  the  substances 
responsible  for  the  specificity  of  the  Abderhalden  test  with  the  antibodies.  No 
definite  proof,  however,  of  such  an  identification  has  been  offered  in  the  numer¬ 
ous  publications  on  the  subject.  At  the  same  time,  Abderhalden  states  definitely 
that  upon  the  parenteral  introduction  of  foreign  protein,  independently  of  any 
antibody  that  may  be  produced  simultaneously,  ^^ecific  protective  ferments  are 
formed.  In  fact,  the  experiments  of  Weinland  and  of  Abderhalden  and  his 
pupils  seem  to  show  that  the  production  of  specific  ferments  is  an  even  more 
general  process  than  the  production  of  antibody.  For  whereas  antibody  can  be 
demonstrated  in  the  cases  of  parenteral  introduction  of  substances  of  animal 
or  J^l^nj^pr^ein  origin  only,  provided  this  protein  is  foreign  to  the  species,  it  is 
claimed  that  tlj*C  specific  ferments  have  been  demonstrated  not  only  upon  the 
parenteral  introduction  of  such  substances,  but  also  upon  that  of  proteins  of 
homologous  and  even  autogenous  nature,  provided  these  substances  are  foreign 
to  the  blood  (“  bluff rcmdy).‘  Moreover,  the  parej^eral  introduction  of  sul> 
stances  like  gelatin,  pepton,  cane  sugar,  or  casein  (itt)  is  proved  by  the  Abder¬ 
halden  school  to  produce  specific  ferments  capable  of  attacking  said  substances 
both  in  vitro  and  in  vivo.  Thus  the  group  of  sulxstances  which  can  play  the  part 
of  antigen  in  the  production  of  antibody  is  included  in  that  of  the  substances 
capable  of  causing  the  production  of  specific  ferments,  but  is  only  part  of  it. 

Another  apparently  fundamental  difference  between  the  nature  of  antibodies 
and  specific  ferments  is  the  mode  of  their  action.  The  antibodies,  although  di¬ 
rectly  responsible  for  the  specificity  of  the  protective  processes  in  the  body  through 
their  property  of  anchoring  the  antigen,  do  not  in  themselves  present  any  active 
principle,  and  it  is  to  the  complement  that  Ehrlich  and  his  school  attribute  the 
property  of  acting  upon  the  antigen.  The  protective  ferments  of  Abderhalden, 
however,  are  assumed  to  possess  the  property  of  directly  digesting  the  antigen, 
and  it  is  on  the  appearance  of  the  products  of  direct  digestion  in  vitro  that  the 
diagnostic  method  of  Abderhaldepi-is  based. 

The  experiments  of  Stephan  (>r),  Hauptmann  (isOi  Bettencourt  and  Mcnezes 
3  0  (js),  however,  seem  to  show  that  the  digestive  ferment  in  the  Abderhalden  test, 
whether  specific  or  not  in  its  nature,  after  having  been  inactivated  by  heating 
at  58“  C.  for  half  an  hour,  can  be  reactivated  by  the  addition  of  any  fresh  scrum 
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(complement).  These  experiments  seem  to  be  of  fundamental  importance,  and, 
if  definitely  established,  would  offer  a  definite  proof  of  the  striking  parallelism 
between  the  Abderhalden  and  immunity  reactions  in  general.  The  part  played 
by  complement  was  also  noticed  by  Kumagai  who  succeeded  in  reactivating 
inactive  serum  containing  invertin  by  the  addition  of  the  serum  of  normal  ani¬ 
mals,  but  his  results  were  questioned  by  Abderhalden  and  Wilderniuth. 

The  importance  of  the  question  of  the  part  played  by  complement  in  the 
Abderhalden  reaction  is  fully  appreciated  by  Abderhalden.  Referring  to  it  he 
says 

“Nothing  would  be  more  unjustified  than,  on  account  of  this  parallelism, 
quickly  to  invest  all  the  results  obtained  with  names  from  the  realm  of  immunity. 
For  analogous  phenomena  need  not  be  identical ;  moreover,  complement,  ambo¬ 
ceptor,  etc.,  are  terms  of  which,  in  rare  cases  only,  we  have  as  yet  a  clear 
conception.” 

Thus  Abderhalden,  without  denying  the  part  played  by  complement  in  the  test, 
hopes  to  be  able  to  find  an  explanation  for  this  without  identifying  his  protective 
ferments  with  the  antibodies  of  Ehrlich.  J  . 

EXPERIMENTAL  PART. 

Before  entering  upon  the  specific  problem  under  investigation 
I  repeated  some  of  the  fundamental  experiments.  First  I  attempted 
to  establish  by  experiment  the  specificity  of  the  Abderhalden  test  in 
general.  For  this  purpose  two  sets  of  experiments  were  under¬ 
taken,  one  with  human  sera,  mainly  from  cases  of  pregnancy,  in 
which  the  specific  ferments  of  Abderhalden  were  supplied  by 
patients’  sera;  the  other  with  animal  sera  in  which  the  specific  fer¬ 
ments  were  produced  experimentally  previous  to  the  actual  test. 
i\ly  results  with  the  Abderhalden  test  were  strictly  specific  (table  I), 
like  those  reported  by  many  other  workers.  I  adhered  closely  in 
all  details  to  the  technique  de.scrihed  by  Abderhalden  (15),  with  a 
few  modifications  suggested  in  the  current  literature  of  the  subject, 
which  I  adopted  after  many,  preliminary  experiments. 

Technique  of  the  Abderhalden  Test.  I.  Sentni. — In  cases  of  both  pregnant 
and  normal  individuals  the  serum  was  taken  before  breakfast  to  avoid  excess  of 
amino  acids  in  the  blood.  The  blood  was  collected  from  the  median  vein  into 
a  large  sterile  Luer  syringe,  and  immediately  transferred  into  sterile  centrifuge 
tubes  coated  on  the  inside  with  paraffin,  according  to  Bronstcin  (16),  and  cen¬ 
trifuged  at  4,000  revolutions  per  minute;  the  serum  was  separated,  centrifuged 
a  second  time,  and  placed  in  tlie  ice  chest.  The  wliole  process  takes  one  and 
one  half  to  two  hours. 

With  animals  the  serum  was  taken  from  the  carotid  artery.  The  blood  was 
collected  directly  into  a  test-tube  drawn  out  at  its  bottom  into  a  narrow  point 
which  served  as  a  cannula  and  was  directly  forced  througli  the  arterial  wall. 
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II.  Substratum. — Fresh  human  placenta  within  two  or  three  hours  after  deliv¬ 
ery  was  washed  through  the  umbilical  vein  by  turning  the  running  water  into 
the  blood  vessel  until  the  water  was  absolutely  clear  (17)  ;  then  the  placenta  was 
carefully  dissected  and  all  the  vessels  and  connective  tissue  were  removed,  as 
directed  by  Abderhalden.-  The  remaining  placenta  tissue  was  cut  in  very  small 
pieces  by  means  of  a  Latapie  grinder  and  placed  into  a  deep  precipitating  jar 
with  a  large  amount  of  distilled  water  into  which  one  drop  of  glacial  acetic  acid 
was  added  for  each  liter  of  water.i  The  tissue  was  energetically  stirred  up, 
allowed  to  settle  out,  and  the  supernatant  fluid  was  siphoned  off  and  replaced 
with  a  new  portion  of  distilled  water;  acetic  acid  was  added  as  before,  and  the 
whole  was  again  stirred  with  a  glass  rod  for  two  to  five  minutes.  This  wa.shing 
with  slightly  acidified  water  finally  removed  all  the  remaining  blood  and  the  pla¬ 
centa  tissue  became  absolutely  white.  Then  it  was  transferred  to  boiling  water 
and  treated  according  to  Abderhalden’s  method.  Prepared  in  this  way  placenta 
often  gave  no  ninhydrin  reaction  after  the  first  boiling;  if  it  did,  however,  the 
boiling  was  repeated  until  the  boiling  water  contained  no  more  substances  react¬ 
ing  with  ninhydrin.  Then  the  placenta  tissue  was  aseptically  transferred  into  a 
sterile  bottle  with  sufficient  toluol  over  it  to  allow  the  stopper  to  touch  it. 

With  guinea  pig  placenta  washing  through  the  umbilical  vein  was  omitted  on 
account  of  the  small  size  of  the  organ.  The  whole  placenta  was  simply  washed 
for  some  time  in  running  water,  and  sterilized  by  ultraviolet  light  to  remove  the 
bacteria  from  the  surface  of  the  organ.  After  this  washing  the  placenta  was 
dissected  and  treated  as  above. 

III.  Dialyciiig  Thimbles. — Thimbles  of  Schleicher  and  Schull,  No.  579  A,  were 
used.  To  insure  their  impermeability  to  serum  and  their  permeability  to  pepton 
and  amino  acids,  they  were  tested  according  to  Abderhalden’s  method,  with  the 
following  slight  modification.  A  serum  of  normal  individuals  was  dialyzed 
against  running  sterile  salt  solution  to  insure  the  absence  of  dialyzable  substances 
in  this  scrum  (19,  20),  and  i.S  c.c.  of  the  serum  were  placed  into  each  thimble 
of  the  series,  and  the  thimbles  treated  further  exactly  as  described  by  Abder¬ 
halden,  except  that  instead  of  using  small  Erlenmeyer  flasks  it  was  found  pref¬ 
erable  to  use  small  bottles  as  containers  for  the  thimbles.  Their  size  was  so 
selected  that  the  height  of  the  layer  of  distilled  water  outside  and  inside  the 
thimble  was  nearly  the  same,  in  order  to  prevent  the  evaporation  through  the 
wall  of  the  thimble,  which  might  be  caused  by  the  difference  of  the  levels  in  and 
outside  of  the  thimble. 

IF.  Test  Proper. — This  was,  as  a  rule,  carried  out  within  five  to  eight  hours 
after  the  collection  of  the  blood.  Though  experimentally  no  difference  has  been 
found  (21),  yet  in  compliance  with  Abderhalden’s  request  only  sera  absolutely 
free  of  hemoglobin  were  used.  The  test  was  carried  on  in  the  way  originally 
described  by  Abderhalden,  with  the  exception  of  controls,  which  were  made  as 
follows :  A  thimble  was  set  up  with  placenta  covered  with  5  c.c.  of  distilled 
water,  and  another  thimble  with  1.5  c.c.  of  the  patient’s  .serum  and  distilled  water 
only,  both  thimbles  being  placed  in  one  bottle  of  slightly  larger  size  containing 

^  Lange  (18)  recommends  washing  in  salt  solution,  claiming  that  the  water 
leaves  erythrocytic  stromata  in  the  placenta.  This  was,  however,  not  found  nec¬ 
essary,  as  no  stromata  could  be  found  in  the  placenta  upon  careful  examination 
by  many  authors. 
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30  c.c.  of  sterile  distilled  water  (22).  This  control  was  found  better  than  sepa¬ 
rate  placenta  and  serum  controls  as  described  by  Abderhalden,  because  it  showed 
whether  the  combined  dialysates  of  serum  and  placenta  gave  the  ninhydrin  test. 

The  results  obtained  with  this  technique  in  the  preliminary  ex¬ 
periments  mentioned  above  are  given  in  table  I. 

TABLE  I. 

Specificity  of  the  Abderhalden  Reaction. 


Boiled  proteins  used  as  substrata. 


Human 

placenta. 

Human 

liver. 

Guinea 

pig 

placenta. 

Egg- 

white. 

1 

Beef 

serum. 

j  : 

No  substra¬ 
tum. 

Human  pregnant  serum . 

-1- 

_ 

+ 

_ 

_  1 

— 

Human  male  serum . 

— 

— 

— 

— 

—  j 

— 

Guinea  pig  pregnant  serum . 

+ 

— 

+ 

— 

— 

— 

Guinea  pig  maie  serum . 

— 

— 

— 

— 

— 

— 

Rabbit  75,  female . 

+ 

— 

+ 

-1- 

— 

— 

Rabbit  76,  male . 

— 

— 

— 

-1- 

— 

1  — 

Rabbit  77,  male . 

— 

— 

-f 

— 

— 

Rabbit  80,  male . 

— 

— 

— 

-f 

— 

Rabbit  81,  male . 

— 

— 

— 

— 

-f 

— 

Rabbit  83,  female . 

— 

— 

— 

— 

-f 

i  — 

No  serum . 

— 

— 

— 

— 

— 

— 

Tests  for  sterility  were  made  from  the  contents  of  each  thimble  at  the  time 
when  the  dialysate  was  tested. 

The  rabbits  from  which  the  serum  was  taken  for  the  experiment  (table  I) 
were  immunized  by  repeated  injections  of  egg-white  diluted  to  30  per  cent,  with 
salt  solution  by  combining  intravenous  with  intraperitoneal  inoculations,  so  that 
on  each  of  the  dates  stated  below  each  rabbit  received  5  c.c.  of  30  per  cent,  egg- 
white  intraperitoneally,  and  ten  minutes  later  2  c.c.  intravenously. 


INOCULATION  WITH  EGG-WHITE. 


Rabbit  75  injected 

on 

Feb. 

22, 

26,  Mar.  2,  6,  10,  14, 

18. 

Bled 

Mai. 

27. 

Rabbit  76  injected 

on 

Feb. 

26, 

Mar.  2,  6, 

,  10,  14,  18, 

22. 

Bled 

Mar. 

31. 

Rabbit  77  injected 

on 

Mar. 

2, 

6,  10,  14, 

18,  22,  26. 

Bled 

Apr. 

4. 

Rabbit  78  injected 

on 

Mar. 

6, 

10,  14,  18, 

22,  26,  30. 

Bled 

Apr. 

8. 

Rabbit  79  injected 

on 

Mar. 

10, 

14,  18,  22, 

26,  30,  Apt 

3- 

Bled 

Apr. 

12. 

Nine  days  after  the  last  inoculation  each  animal  was  partially  bled  from  the 
carotid  artery,  after  having  been  kept  without  food  for  six  hours.  The  serum 
of  each  animal  was  separated  into  two  portions,  one  of  which  was  used  for 
determining  the  precipitating  power  of  the  serum,  as  a  control  showing  that  the 
immunization  was  successful;  the  other  was  used  for  the  Abderhalden  test  as 
described  above.® 

®  It  was  found  necessary,  on  account  of  the  large  amount  of  amino  acids  in 
the  blood  of  rabbits,  to  dialyze  the  blood  against  running  salt  solution  before  the 
actual  test,  according  to  Schlimpert  and  Issel  (19),  and  Abderhalden  and  Wilder- 
muth  (20). 
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In  a  similar  manner  another  series  of  rabbits  was  immunized  against  beef 
serum,  with  3  c.c.  of  serum  for  each  intraperitoneal,  and  1.5  c.c.  for  each  intrave¬ 
nous  inoculation. 

INOCULATION  WITH  BEEF  SERUM. 

Rabbit  80  injected  on  Feb.  24,  28,  Mar.  4,  8,  12,  16,  20.  Bled  Mar.  29. 

Rabbit  81  injected  on  Feb.  28,  Mar.  4,  8,  12,  16,  20,  24.  Bled  Apr.  2. 

Rabbit  82  injected  on  Mar.  4,  8,  12,  16,  20,  24,  28.  Bled  Apr.  6. 

Rabbit  83  injected  on  Mar.  8,  12,  16,  20,  24,  28,  Apr.  i.  Bled  Apr.  10. 

Rabbit  84  injected  on  Mar.  12,  16,  20,  24,  28,  Apr.  i,  5.  Bled  Apr.  14. 

Nine  days  after  the  last  injection  each  rabbit  was  bled  and  the  serum  exam¬ 
ined  exactly  like  that  of  the  previous  series,  beef  serum  being  used  instead  of 
egg-white  in  the  precipitation  as  well  as  in  the  Ahderhalden  test. 

The  sera  of  the  rabbits  of  each  group  gave  a  specific  Abderhalden 
reaction.  The  results  of  the  precipitation  test  showed  at  the  same 
time  that  the  sera  of  these  rabbits  contained  a  high  concentration 
of  antibodies.  It  would  seem,  therefore,  according  to  Abderhalden, 
that  parallel  with  the  production  of  antibody  these  rabbits  developed 
specific  ferments  capable  of  digesting  in  vitro  coagulated  egg-white 
and  beef  serum,  respectively.  For  as  neither  the  serum  nor  the 
substratum,  when  placed  in  separate  thimbles,  contained  any  traces 
of  dialyzable  substances  (table  I),  the  appearance  of  these  sub¬ 
stances  was  made  possible,  apparently,  only  as  a  result  of  the 
cleavage  of  one  or  both  of  the  proteins  concerned,  occurring  as  a 
consequence  of  their  interaction.  The  fact,  however,  that,  on  the 
one  hand,  the  combination  of  pregnant  or  immune  sera  with  their 
corresponding  substrata  caused  the  appearance  of  dialyzable  sub¬ 
stances  reacting  with  ninhydrin,  while,  on  the  other  hand,  the  com¬ 
bination  of  the  same  sera  with  the  same  substrata,  when  attempted 
irrespective  of  specificity,  was  not  followed  by  the  appearance  of 
these  substances  in  the  dialysate  (table  I),  seems  to  indicate  that 
the  cleavage  of  protein  in  the  Abderhalden  reaction  is  induced  by 
some  specific  mechanism.  This  mechanism,  according  to  Abder¬ 
halden,  is  the  digestion  of  the  substratum  by  the  specific  ferments 
of  the  serum. 

In  order  to  see  if  immune  sera  in  addition  to  the  antibody  ac¬ 
tually  contain  such  specific  ferments  capable  of  directly  digesting 
the  substratum,  the  following  experiments  were  undertaken. 

Mar.  31.  One  rabbit  of  the  series  immunized  against  egg-white  was  bled  and 
its  scrum  separated  and  tested  for  the  ferments  it  contained  by  dipping  a  small 
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capillary  tube  (Mett)  filled  with  coagulated  egg-white  directly  into  the  serum; 
another  portion  of  the  same  serum  was  placed  in  a  dialyzing  thimble  together 
with  about  0.5  gm.  of  coagulated  egg-white. 

After  sixteen  hours’  incubation  in  the  thermostat,  the  Mett  ' 
tube  was  examined  and  it  was  found  that  no  visible  digestion  of 
egg-white  had  taken  place,  whereas  the  Abderhalden  test  made  with 
the  same  serum  and  coagulated  egg-white  as  substratum  gave  a 
positive  reaction. 

Apr.  2.  Rabbit  81  from  the  series  immunized  against  beef  serum  was  bled 
and  the  serum  examined  directly  for  proteolytic  ferments  by  the  following  method. 

A  regular  beef  serum  medium  was  prepared,  placed  in  small  Petri  dishes,  and 
solidified  in  the  inspissator  (Loeffler),  and  several  drops  of  the  serum  of  im¬ 
munized  rabbits  were  placed  on  the  surface  of  the  coagulated  beef  serum. 

If  the  serum  of  the  rabbit  had  contained  specific  proteolytic  fer¬ 
ments,  it  would  have  digested  the  beef  serum,  and  at  the  end  of  di¬ 
gestion  a  small  hollow  should  have  been  found  under  each  drop. 
At  the  end  of  the  experiment,  however,  it  was  found  that  the  serum 
of  the  immunized  rabbit  left  no  signs  of  digestion  of  the  beef  serum 
as  tested  by  the  direct  method,  whereas  again  the  Abderhalden  test 
made  with  the  same  serum  and  coagulated  beef  serum  as  substratum 
gave  a  positive  reaction.^ 

Thus  the  experiments  suggest  that  it  is  impossible,  at  least  by 
the  method  used,  to  demonstrate  any  direct  digestion  of  substratum 
by  the  ferments  of  the  serum.  Nevertheless,  the  same  sera,  as  men¬ 
tioned  above,  gave  a  positive  Abderhalden  test,  or,  in  other  words, 
the  union  of  each  of  these  sera  and  their  corresponding  substrata 
resulted  in  the  appearance  of  dialyzable  cleavage  products  reacting 
with  ninhydrin.  If,  as  suggested  by  these  experiments,  the  fer¬ 
ments  of  the  serum  did  not  digest  the  substratum,  the  dialyzable 
substance  in  the  above  experiments  must  have  originated  from  the 

3  This  experiment,  as  well  as  the  one  immediately  preceding,  of  Mar.  31,  in 
which  the  digestion  of  the  substratum  by  the  specific  ferments  of  the  serum  is 
tested  directly,  is,  of  course,  not  considered  adequate  to  decide  the  question  defi¬ 
nitely,  since  the  method  used  is  quite  crude.  However,  it  was  thought  advisable 
to  perform  this  experiment  mainly  because  of  the  fact  that  lately  Abderhalden 
(23)  considers  that  he  has  definitely  established  the  fact  of  such  direct  digestion 
of  the  substratum  by  the  use  of  a  very  similar  method.  Namely,  he  used  for 
the  test  a  coagulated  placenta  tissue,  which  was  previously  stained  with  carmin, 
and  the  diflfusion  of  the  stain  during  the  test  he  took  as  a  definite  proof  of  the 
actual  digestion  of  the  coagulated  placenta  tissue  by  the  ferments  of  the  serum. 
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serum  itself,  as  the  only  other  source  of  protein  cleavage  present. 
That  the  substratum  is  not  digested  in  the  Ahderhalden  test  and 
that  the  appearance  of  ninhy  dr  in-reacting  substances  in  the  dialysate 
is  due  to  the  autodigestion  of  the  serum  is  more  conclusively  shown 
in  the  following  experiment. 

3  c.c.  of  pregnant  serum  were  placed  in  a  centrifuge  tube  together  with  i  gm. 
of  boiled  placenta  protein,  and  a  sufficient  amount  of  distilled  water  was  added 
to  cover  the  placenta.  The  contents  of  the  tube  were  covered  with  a  thin  layer 
of  toluol,  stoppered  with  a  cork,  and  put  into  the  ice  box  (table  II,  A).  Par¬ 
allel  with  this,  1.5  c.c.  of  the  same  serum  with  placenta  were  placed  in  a  dialyzing 
thimble  and  suspended  in  a  bottle  with  distilled  water,  as  for  a  regular  Abder- 
halden  test,  with  the  only  difference  that  instead  of  placing  it  in  the  thermostat, 
it  was  put  into  the  ice  box  (table  II,  B).  As  a  control,  an  exact  duplicate  of 
these  was  put  up,  with  male  instead  of  pregnant  serum  (table  II,  C  and  D).  In 
addition  to  these  another  control  was  made ‘by  placing  5  c.c.  of  i  per  cent,  silk 
pepton  in  a  dialyzing  thimble  (table  II,  E).  At  the  end  of  sixteen  hours  the 
results  tabulated  below  were  obtained. 


TABLE  II. 

The  Ahderhalden  Reaction  Is  Arrested  at  0°  C. 


Pregnant  human  serum,  1 

Normal  male  serum.  | 

Control. 

3  C.C.  serum, 

I  gm.  placenta. 

1. 5  c.c.  serum,  ! 
0.5  gm.  placenta.! 

3  C.C.  serum, 

I  gm.  placenta. 

1.5  c.c.  serum, 
o.s  gm.  placenta. 

5  c.c.  I  %  silk 
pepton. 

In  glass  tube 
at  o°C.  for  i6  hrs. 

In  thimble  ' 

at  o°C.  for  16  hrs.' 

In  glass  tube 
at  o°C.  for  16  hrs. 

In  thimble  j 

at  o°C.  for  16  hrs.' 

In  thimble 
at  o°C.  for  16  hrs. 

Contents  centri¬ 
fuged  and  ser¬ 
um  separated 
and  divided  in 
two  parts 
(table  III). 

Ninhydrin  test 

Contents  centri¬ 
fuged  and  serum 
separated  and 
divided  in  two 
parts  (table 
III). 

Ninhydrin  test 

Ninhydrin  test 
+ 

A  1  B 

C 

D 

E 

While  the  dialysate  from  the  pepton  gave  a  positive  ninhydrin 
reaction  (table  II,  E),  showing  that  dialysis  was  not  arrested  at 
0°  C.,  the  Ahderhalden  test  with  both  pregnant  and  normal  sera 
gave  negative  results  (table  II,  B  and  D),  which  in  view  of  the 
findings  with  the  silk  pepton  meant  that  no  dialyzable  substances 
were  formed  in  the  thimbles  with  pregnant  as  well  as  with  male 
serum  at  0°  C. 

Having  thus  ascertained  that  the  digestion  did  not  occur  on  ice, 
both  centrifuge  tubes  containing  placenta  with  male  and  pregnant 
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serum  respectively  (table  II,  A  and  C)  were  removed  and  the  con¬ 
tents  of  the  tubes  centrifuged  at  high  speed."^  After  ten  minutes’ 
centrifugation  the  serum  was  separated  from  the  placenta  in  each 
tube  and  equally  distributed  into  two  thimbles  each  (table  III,  A' 
and  A",  C'  and  C").  These  were  placed  in  bottles  containing  dis¬ 
tilled  water,  the  fluid  inside  and  outside  of  the  thimbles  was  covered 
with  toluol,  and  one  of  each  set  of  the  bottles  (table  III,  A'  and  C') 
placed  in  the  ice  box,  the  other  (table  III,  A"  and  C")  in  the  incu¬ 
bator.  At  the  same  time  the  thimbles  containing  a  regular  Abder- 
halden  test  were  tfansf erred  to  the  thermostat'*  (table  III,  B  and 
D).  After  sixteen  hours’  incubation  at  37°  C.  a  ninhydrin  reaction 
was  made  with  each  dialysate,  and  the  results  obtained  were  those 
tabulated  below. 


TABLE  III. 


The  Appearance  of  Dialyzable  Substances  in  Pregnant  Serum  after  the  Removal 

of  Placenta. 


Serum  A  of  table  11. 

Thimble  B  of 
table  11. 

Serum  C  of  table  II. 

Thimble  D  of 
table  II. 

i.S  C.C.  in 
thimble  on  ice 
for  i6  hrs. 

1.5  c.c.  in 
thimble  at  37° 
C.  for  16  hrs. 

Transferred  to 
37°  C.  for  16  hrs. 
in  fresh  distilled 
water. 

1.5  c.c.  in  i  I.S  c.c.  in 
thimble  on  ice  thimble  at  3  7“ 
for  16  hrs.  iC.  for  16  hrs. 

! 

Transferred 
to  37°  C.  for  16 
hrs.  in  fresh 
distilled  water. 

Ninhydrin 

test 

Ninhydrin 

test 

-h 

Ninhydrin 

test 

+ 

Ninhydrin 

test 

1  Ninhydrin 

1  test 

Ninhydrin 

test 

A' 

A" 

B 

C' 

i  C" 

D 

Thus  it  seems  that  by  allowing  the  pregnant  serum  to  combine 
with  placenta  at  a  low  temperature  (table  II,  A  and  B)  it  was  pos¬ 
sible  to  resolve  the  Abderhalden  test  into  two  phases,  indicating 
that  it  is  not  a  simple  but  a  composite  reaction.  The  experiment 
above  shows  that  dialyzable  substances  appear  only  in  the  second 
phase  of  the  reaction,  after  the  placenta  has  been  removed  (table 
III,  A").  The  fact,  moreover,  that  their  appearance  followed  the 
combination  of  pregnant  serum  and  placenta  only  after  such  a 

*  In  order  to  retain  the  low  temperature  the  tubes  were  placed  in  large  cen¬ 
trifuge  cups  and  packed  around  with  ice. 

®  Before  transference  to  the  thermostat  the  liquid  outside  of  the  thimbles, 
partly  used  for  the  ninhydrin  test,  was  brought  up  to  its  original  volume,  20  c.c., 
with  distilled  water. 
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serum,  separated  from  placenta,  was  incubated  at  37°  C.,  and  that 
they  did  not  appear  at  0°  C.  (table  HI,  A')  suggests  that  the  dialyz- 
able  substances  during  the  second  phase  result  from  the  autodiges¬ 
tion  of  the  serum  and  not  from  the  digestion  of  the  placenta. 

That  autodigestion  occurred  only  in  the  case  of  pregnant  (table 
III,  A")  and  not  in  the  case  of  normal  serum  (table  III,  C") 
treated  in  exactly  similar  fashion  could  be  explained  in  two  ways. 
First  it  may  be  assumed  that  pregnant  serum  may  possess  proteo¬ 
lytic  ferment,  which  normal  serum  does  not  contain;  or  again  the 
difference  could  be  explained  by  the  assumption  that  both  pregnant 
and  normal  serum  possess  the  proteolytic  enzyme,  but  that  it  is  pre¬ 
vented  from  its  action  by  some  inhibiting  elements  which  in  preg¬ 
nant  serum  are  removed,  and  in  normal  serum  are  not.  The  ex¬ 
periments  of  Schwartz  (24)  seem  to  support  this  latter  view.  Ac¬ 
cording  to  him  every  serum  possesses  proteolytic  ferments  which 
are  prevented  from  their  digestive  action  by  the  antitryptic  proper- 
‘  ties  of  the  lipoid  fraction  of  the  blood. 

Recently  the  experiments  of  Plant  (6),  Peiper  (25),  and  others 
seem  to  strengthen  further  this  view,  as  these  authors  actually  suc¬ 
ceeded  in  bringing  about  autodigestion  in  any  serum  by  the  addi¬ 
tion  of  substances  such  as  kaolin,  barium  sulphate,  talcum,  infu¬ 
sorial  earth,  and  starch. 

Independently  of  the  question  whether  the  conclusion  drawn  by 
these  authors,  that  the  Abderhalden  test  is  therefore  non-specific, 
depending  merely  on  physical  adsorption,  is  correct  or  not,  their 
findings  seem  to  be  of  sufficiently  fundamental  importance  to  repeat 
their  experiments.  Although  I  was  not  able  to  confirm  all  their 
findings,  my  results  led  me  to  the  conclusion  that  at  least  kaolin, 
barium. sulphate,  and  starch  induce  the  autodigestion  of  the  serum 
practically  in  every  case.  With  other  substances  the  results  ob¬ 
tained  were  quite  irregular,  as  shown  in  table  IV. 

The  results  of  these  experiments  (table  IV)  corroborate  the  view 
that  each  serum  may  normally  contain  proteolytic  enzyme ;  and  the 
effect  of  the  addition  of  the  substances  mentioned  above  can  be 
readily  understood  if  it  is  assumed,  with  Heilner  and  Petri  (8), 
that  some  inhibiting  substance  normally  present  in  the  blood  is  re¬ 
moved  by  adsorption,  thus  setting  free  ihe  preexisting  proteolytic 
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TABLE  IV. 


Antodigestion  of  Serum  Induced  by  the  Addition  of  Different  Substances. 


No.  1 

of  cases.  | 

Diagnosis. 

Ninhy¬ 

drin 

test. 

0.04  gm, 
barium 
sul¬ 
phate. 

0.05  gm. 
kaolin. 

0.02  gm. 
talcum. 

About 
0.008 
gm.  in> 
fusorial 
earth. 

1  C.C. 

0,5^ 

agar. 

I  c.c. 
5^ 

starch. 

0.5  gm. 
pla¬ 
centa. 

Serum 

alone. 

-1- 

2 

4 

I 

2 

I 

4 

I 

I 

4 

Tuberculosis . 

— 

2 

0 

3 

2 

3 

0 

3 

3 

+ 

4 

3 

I 

I 

I 

4 

1 

I 

4 

Syphilis . 

— 

0 

I 

3 

3 

3 

0 

3 

3 

-h 

2 

3 

2 

I 

0 

3 

0 

0 

4 

Cancer . 

— 

2 

I 

2 

3 

4 

I 

4 

4 

-1- 

2 

4 

I 

0 

I 

4 

s 

0 

5 

Pregnancy  . 

— 

3 

I 

4 

5 

4 

I 

0 

5 

-1- 

3 

4 

0 

I 

1 

5 

0 

0 

S 

Normal . 

— 

2 

I 

5 

4 

4 

0 

s 

5 

+ 

13 

18 

5 

5 

4 

20 

7 

2 

22 

Total . 

— 

9 

4 

17 

17 

18 

2 

15 

20 

The  technique  followed  in  the  experiment  above  was  that  of  Plant;  namely, 
1.5  c.c.  of  serum  were  placed  in  each  thimble  and  the  substances  mentioned  above 
were  added.  Special  care  was  taken  not  to  deposit  an}-^  of  the  substances  on  the 
sides  of  thimbles.  The  substances  used  were  freshly  sterilized  by  dry  heat,  ex¬ 
cept  placenta  and  starch  which  were  sterilized  in  an  Arnold  sterilizer  before  use. 
The  ninhydrin  test  on  the  dialysate  was  made  after  sixteen  hours’  incubation 
at  37°  C. 


enzymes  which  may  subsequently  digest  some  part  of  the  serum. 
But  while  such  a  hypothesis  would’explain  the  results  obtained  with 
kaolin,  starch,  etc.,  still  it  would  not  explain  the  results  shown  in 
table  III,  where  autodigestion  of  the  serum  seems  to  be  induced  by 
a  specific  mechanism,  since  the  same  amount  of  placenta  sets  free 
the  ferment  in  the  specific,  but  not  in  the  normal  serum.  To  ex¬ 
plain  this  apparent  specificity  another  hypothesis  must  be  made; 
namely,  that  the  substratum  in  contact  with  specific  serum  is  so 
changed  as  to  acquire  the  property  of  adsorbing  the  inhibiting  sub¬ 
stances,  whereas  in  contact  with  normal  serum  no  such  property 
develops. 

That  the  placenta  actually  undergoes  these  changes  as  a  result 
of  its  contact  with  pregnant  serum  is  demonstrated  by  the  follow¬ 
ing  experiment. 

Placenta  was  allowed  to  remain  in  contact  with  pregnant  serum  in  a  centri¬ 
fuge  tube  on  ice  for  sixteen  hours,  as  before.  Then  the  contents  of  the  tube 
were  centrifuged  and  the  placenta  was  separated  from  the  serum.  The  placenta 
was  now  washed,  suspended  in  salt  solution,  and  placed  in  a  dialyzing  thimble. 
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Ninhydrin  Ninhydrin  Ninhydrin  Ninhydrin 

test  —  I  test  +  test  —  j  test  — 
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and  the  serum,  separated  from  it,  was  placed  in  another  thimble  and  returned 
to  the  ice  box  for  sixteen  hours.  As  table  V  shows,  no  dialyzable  substances 
appeared  in  either  case.  If,  however,  both  thimbles  were  now  transferred  to 
37°  C.,  the  serum,  as  was  shown  before,  gave  off  products  of  self-digestion,  while 
the  placenta  did  not  show  even  traces  of  it.  However,  according  to  the  hypothe¬ 
sis  suggested  above,  such  a  placenta  must  have  acquired  the  property  of  removing 
from  the  serum  the  substances  inhibiting  the  activity  of  the  ferment  in  the  serum. 
To  ascertain  if  this  was  the  case,  the  same  placenta  was  separated  from  salt 
solution  and  placed  in  contact  with  fresh  male  serum  in  a  new  thimble  (table 
V,  A).  Whereas  the  male  serum  used  in  this  experiment,  when  placed  in  contact 
with  fresh  placenta,  gave  a  negative  Abderhalden  test  (table  V,  C),  the  same 
serum,  being  placed  in  contact  with  the  placenta  previously  treated  with  pregnant 
serum,®  and  from  which  all  traces  of  the  pregnant  serum  were  washed  away, 
gave  a  distinct  ninhydrin  reaction  (table  V,  A). 

Thus  it  seems  that  the  placenta  is  changed  by  contact  with  preg¬ 
nant  serum,  so  that  it  acquires  the  property  of  removing  from  any 
serum  the  substances  inhibiting  the  activity  of  its  enzymes.  Indeed 
the  same  portion  of  sensitized  placenta  is  capable  of  starting  the 
autodigestion  of  normal  serum  many  times  in  succession,  as  was 
proved  by  the  following  experiment. 

0.5  gm.  of  sensitized  placenta  was  added  to  i.S  c.c.  of  normal  serum  in  a  test- 
tube  and  placed  in  the  ice  box.  After  sixteen  hours’  contact  the  serum  was  sepa¬ 
rated  from  the  placenta  and  transferred  to  a  dialyzing  thimble  and  placed  in 
the  thermostat.  The  same  portion  of  the  placenta  was  again  placed  with  a  new 
portion  of  normal  serum  in  the  ice  box,  and  again  after  sixteen  hours’  contact 
the  serum  was  separated  and  placed  in  the  thermostat.  The  sera  showed  auto¬ 
digestion,  as  evidenced  by  strong  ninhydrin  tests  with  the  dialysate. 

The  removal  of  normal  serum  from  the  contact  with  sensitized 
placenta  and  the  addition  of  fresh  portions  of  normal  serum  to  the 
same  portion  of  sensitized  placenta  was  repeated  ten  times,  with 
the  result  that  even  the  tenth  portion  of  normal  serum  showed 
marked  autodigestion  when  placed  in  the  thermostat  after  contact 
with  the  portion  of  sensitized  placenta  used  in  the  nine  previous 
experiments,  thus  showing  undoubtedly  that  the  placenta  once  sen¬ 
sitized  acquires  the  property  of  removing  the  antitryptic  constit¬ 
uents  of  the  serum  in  a  non-specific  way. 

In  the  above  experiment  it  was  assumed  that  the  changes  under¬ 
gone  by  the  placenta  were  similar  to  those  which  take  place  when 
erythrocytes  are  placed  in  contact  with  hemolytic  serum;  namely, 

®  I  propose  to  call  such  a  placenta  a  “  sensitized  placenta,”  and  the  serum  from 
which  the  specific  properties  are  removed  by  placenta,  “exhausted  serum.” 
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it  was  assumed  that  the  placenta  was  sensitized.  That  such  an  as¬ 
sumption  is  justified  can  be  proved  by  showing  that  pregnant  serum 
actually  loses  its  specific  substances  during  contact  with  placenta 
at  o°  C. 

Pregnant  serum  was  allowed  to  remain  in  a  test-tube  in  contact 
with  placenta  for  sixteen  hours  at  o°  C.  and  subsequently  was  re¬ 
moved  from  the  serum  by  centrifugalization. 

TABLE  VI. 


Exhaustion  of  Antibody  from  Pregnant  Serum. 


1.5  c.c.  pregnant  serum  with  0.5  gm.  placenta. 

In  glass  tube  on  ice  16  hrs. 

Centrifuged. 

Placenta 

Serum 

(sensitized?) 

(exhausted?) 

with  1.5  c.c.  normal  serum. 

with  0.5  gm.  fresh  placenta. 

In  thimble  at  37°  C.  for  16  hrs. 

In  glass  tube  on  ice  for  16  hrs. 

Ninhydrin  test 

Centrifuged. 

-t- 

- -  - - 

Placenta 

(sensitized?) 

with  1.5  c.c.  normal  serum. 

In  thimble  at  37°  C.  for  16  hrs. 

Ninhydrin  test 

After  separation  from  the  placenta,  the  serum  was  placed  in  the 
ice  box  with  fresh  placenta  (table  VI).  The  fact  that  such  a  serum 
was  now  no  longer  able  to  sensitize  this  fresh  placenta  shows  that  the 
specific  constituents  of  the  pregnant  serum  (antibody?)  had  been 
removed  from  it. 

The  preceding  experiments  have  proved  conclusively  that  the 
placenta  can  unite  with  the  specific  substances  of  the  pregnant 
serum  (antibody?),  thus  becoming  sensitized,  and  that  such  a  sensi¬ 
tized  placenta  can  induce  autodigestion  of  normal  serum.  As  to  the 
mechanism  of  this  process,  it  appears  that  sensitized  placenta  ac¬ 
quires  the  property  of  removing  or  in  some  other  way  inactivating 
the  antitrypsin  normally  present  in  the  serum,  thus  setting  free  its 
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proteolytic  ferments.  That  such  is  the  case  can  be  proved  by  re¬ 
turning  the  serum  antitrypsin  to  the  serum  previously  exhausted 
of  its  antitrypsin  and  thus  stopping  the  autodigestion.  This  can 
be  accomplished  by  the  addition  of  excess  of  normal  serum  (table 
VII). 

TABLE  VII. 


Inhibition  of  Autodigestion  of  Serum  by  the  Addition  of  Serum  Antitrypsin. 


1. 5  c.c. 

1.5  c.c. 

1. 5  c.c. 

i.S  c.c. 

1.5  c.c. 

0.5  gm. 

5  c.c.serum 

5  c.c. 

pregnant 

pregnant 

pregnant 

pregnant 

pregnant 

placenta 

albumen’ 

serum 

serum, 

serum, 

serum. 

serum. 

serum 

alone. 

alone  in  salt 

globulin’ 

0.5  gm. 
placenta. 

0.5  gm. 
placenta. 

o.S  gm. 
placenta. 

0.5  gm. 
placenta. 

alone. 

solution. 

alone  in 
salt  solu¬ 
tion. 

Placed  on  ice  for  i6  hrs.  and  centrifuged  at  end  of  this  time. 


Supernatant  fluid  transferred  to  a  thimble  and  5  c.c.  of  each  of  the  indicated 

substances  added.  9 


Sodium 

chloride. 

Normal 

serum. 

Serum 

albumen. 

Serum 

globulin. 

iSodium 

chloride. 

Sodium 

chloride. 

Sodium 

chloride. 

Sodium 

chloride. 

After  16  hrs.’  incubation  at  37 

°  C.,  the  dialysates  were  examined  for  ninhydrin  test. 

+ 

- 

- 

d- 

j  _ 

- 

- 

- 

The  work  of  Schwartz  (24)  suggests  that  the  lipoid  fraction  is 
responsible  for  the  antitryptic  fraction  of  normal  serum.  The 
study  of  this  question  has  been  undertaken  in  our  laboratory  and 
the  results  will  be  reported  later.  It  seems,  however,  certain  that 
the  addition  of  serum  albumen  stops  the  autodigestion  of  the  serum 
in  the  same  measure  as  does  the  addition  of  the  whole  serum,  while 
the  globulin  fraction  of  the  serum  seems  to  promote  the  autodiges¬ 
tion  or  at  least  to  increase  the  amount  of  digested  material  in  the 
dialysate. 

DISCUSSION. 

In  view  of  the  experiments  reported  above  the  fundamental 
points  of  the  Abderhalden  theory  seem  not  to  be  substantiated. 
Experimental  evidence  speaks  against  the  existence  of  specific  fer¬ 
ments,  since  even  the  sera  of  highly  immunized  animals  failed  to 

^  Both  serum  albumen  and  serum  globulin  were  represented  by  the  isotonic 
solutions  of  these  substances.  The  amount  of  albumen  and  globulin  in  5  c.c.  of 
the  solution  is  equal  to  their  respective  quantities  in  5  c.c.  of  blood  serum. 


236  Mechanism  of  Abderhalden  Reaction. 

digest  directly  the  protein  used  for  their  immunization,  and  shows  that 
the  dialyzable  substances  appearing  during  the  test  do  not  originate 
from  the  substratum.  It  was  found,  on  the  contrary,  that  the  fer¬ 
ments  responsible  for  the  cleavage  of  protein  during  the  reaction 
are  not  specific;  that  they  are  present  in  every  fresh  male  serum  as 
well  as  in  female;  that  the  protein  attacked  by  these  ferments  is 
not  that  of  the  substratum,  but  that  of  the  serum  of  the  patient,  the 
Abderhalden  reaction  thus  recording  the  result  of  the  autodiges¬ 
tion  of  the  patient’s  own  serum. 

As  to  the  mechanism  of  this  autodigestion  of  the  serum,  the  fol¬ 
lowing  explanation  can  be  evolved  from  the  experiments.  Proteo¬ 
lytic  ferments  are  present  in  every  fresh  serum,  but  are  normally 
inhibited  by  some  antitryptic  constituents  of  the  blood.  The  removal 
of  these  sets  free  the  normal  trypsin  of  the  blood,  which  in  turn 
•digests  some  part  of  the  serum  itself.  Such  removal  of  the  anti¬ 
trypsin  may  be  accomplished  in  vitro  by  two  apparently  independent 
processes;  one  non-specific, — a  simple  adsorption  and  filtering  out 
of  the  inhibiting  substance, — which  would  explain  the  results  of 
Plant,  Peiper,  Kjaergaard,  Flatow,  etc. ;  the  other,  an  apparently 
specific  process,  in  which  the  falling  out  or  inactivation  of  the  in¬ 
hibiting  substances  appears  to  be  the  result  of  the  change  of  the 
colloidal  conditions  of  the  media,  resulting  from  the  specific  com¬ 
bination  of  the  antigen  of  the  substratum  with  the  antibody  of  the 
patient’s  serum, — a  reaction  which  is  probably  identical  with  that 
recorded  also  by  the  stalagmometer  in  the  experiments  of  Ascoli. 
The  serum  deprived  of  antitrypsin  undergoes  autodigestion,  which 
is  evidenced  in  the  Abderhalden  test  by  the  appearance  of  dialyz¬ 
able  substances. 

The  interaction  between  the  substratum  and  the  specific  serum 
is  in  general  comparable  to  the  interaction  between  antigen  and 
antibody  in  other  immunity  reactions,  inasmuch  as,  apart  from 
appearance  of  dialyzable  substances,  the  substratum  seems  to  un¬ 
dergo  changes  in  the  Abderhalden  test  identical  with  those  of  erythro¬ 
cytes  when  acted  upon  by  hemolytic  amboceptor;  namely,  the  sub¬ 
stratum  anchors  the  specific  constituents  of  the  immune  serum,  thus 
becoming  sensitized.  Such  a  sensitized  substratum  was  found  to 
be  able  to  induce  autodigestion  in  any  fresh  normal  serum  (com- 
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plement),  and  thus  the  important  findings  of  Stephan  (ii)  as  to 
the  part  played  by  complement  in  the  Abderhalden  test  can  be 
easily  explained.  The  heated  serum  containing  only  antibody  (as 
the  normal  proteolytic  ferments  were  destroyed  by  heat)  retains 
the  property  of  sensitizing  the  placenta.  Upon  the  addition  of 
guinea  pig  complement  a  sensitized  placenta,  by  removing  the  serum 
antitrypsin  from  the  guinea  pig  serum,  liberates  the  proteolytic  fer¬ 
ment  of  the  guinea  pig  complement,  which  in  turn  may  digest  the 
globulin  not  only  of  the  serum  of  the  guinea  pig,  but  also  of  that  of 
inactivated  human  serum,  thus  giving  rise  to  dialyzable  substances. 

The  fact  that  a  sensitized  placenta  can  induce  the  digestion  of 
the  globulin  in  fresh  serum  (complement)  by  its  proteolytic  fer¬ 
ments,  thus  destroying  what  is  supposed  to  be  the  mid-piece, 
may  account  for  my  observation  that  the  complement  is  found  to 
be  inactivated  whenever  the  Abderhalden  test  is  positive.  This  is 
the  subject  of  further  study  at  present.  It  is  thus  possible  that  the 
complement  fixation  phenomenon  is  merely  another  expression  of 
the  same  reaction  which  by  Abderhalden  is  recorded  through  the 
ninhydrin  test.  Considered  from  this  point  of  view,  the  Abder¬ 
halden  theory  does  not  seem  to  contribute  anything  essentially  new 
to  the  explanation  of  the  protective  processes  which  take  place  in 
the  body  as  a  result  of  parenteral  introduction  of  protein,  but  simply 
offers  a  new  and  effective  indicator,  by  which  the  existence  of  the 
protective  substances  of  Ehrlich  can  be  recorded  in  vitro. 

SUMMARY. 

1.  The  Abderhalden  reaction  is  specific. 

2.  The  properties  of  serum  on  which  it  depends  develop  in  experi¬ 
mental  animals  simultaneously  with  antibodies  during  the  process  of 
immunization. 

3.  It  is  impossible  to  observe  by  direct  methods  the  presence  of 
digesting  ferments  in  the  blood  of  immune  animals. 

4.  The  Abderhalden  test  may  be  resolved  into  two  phases.  A 
dialyzable  substance  appears  in  the  second  phase  and  is  the  result  of 
the  autodigestion  of  serum. 

5.  The  autodigestion  of  serum  in  the  Abderhalden  test  is  due  to 
the  removal  of  antitrypsin  from  the  serum  by  the  sensitized  sub¬ 
stratum. 
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SERUM  PROTEASES  AND  THE  MECHANISM  OF  THE 
ABDERHALDEN  REACTION. 


Studies  on  Ferment  Action.  XX.* 

By  JAMES  W.  JOBLING,  M.D.,  A.  A.  EGGSTEIN,  M.D.,  and  WILLIAM 
PETERSEN,  M.D. 

(From  the  Department  of  Pathology,  Medical  Department,  Vanderbilt  Univer¬ 
sity,  Nashville.) 

Since  the  Abderhalden  method  of  dialysis  has  been  available  for  clinical  pur¬ 
poses,  numerous  reports  of  results  have  been  published.  Among  these  the  more 
recent  papers  of  Beumer  (i),  Fninkel  (2),  Cscpai  (3),  Michaelis  and  von  Lan- 
germarck  (4),  Bisgaard  and  Korsbjerg  (5),  Mosbacher  and  Port  (6),  Lange 
(7),  von  Domarus  and  Barsieck  (8),  and  others,  have  tended  to  discredit  the 
specificity  of  the  reaction  and  so  reflect  upon  its  usefulness  as  a  clinical  method. 
The  conflicting  results  have  cast  considerable  doubt  upon  the  mechanism  of  the 
reaction  as  first  advanced  by  Abderhalden.  It  seems  unfortunate  that  in  the  enthu¬ 
siasm  of  the  search  for  specific  ferments,  the  proteases  which  might  normally  be 
present  in  serum  and  which  had  previously  received  some  attention,  have  been 
neglected.  We  are  inclined  to  believe  that  in  the  study  of  these  non-specific 
proteases  considerable  information  might  become  available  which  would  aid  in 
the  elucidation  of  the  points  at  issue  in  the  Abderhalden  reaction. 

Hedin  (9)  first  demonstrated  that  the  globulin  fraction  of  normal  ox  serum 
contained  a  weak  proteolytic  ferment.  Later  Delezcnne  and  Pozerski  (10) 
showed  that  when  serum  was  incubated  under  chloroform  the  serum  became 
actively  proteolytic.  Their  experiments  were  not  extended  and  received  little 
attention.  Opie  (ii)  later  demonstrated  serum  proteases  by  rendering  the  scrum 
slightly  acid  (0.2  per  cent,  acetic).  Delczenne  and  Pozerski  offered  no  expla¬ 
nation  for  their  results  with  chloroform,  and  we  have  only  recently  shown  that 
protease  action  developed  under  these  conditions  is  due  to  the  fact  that  the  serum 
antitrypsin  is  soluble  in  chloroform,  and  when  so  removed  the  scrum  proteases 
can  become  active  (12).  The  method  of  Opie  is  based  upon  a  similar  phenome¬ 
non,  for  he  found  that  the  serum  antitrypsin  is  inactivated  in  a  slightly  acid 
medium.  In  this  manner  the  acid  acting  proteases  only  can  become  active.  The 
inactivation  of  the  antiferment  is  probably  due  to  changes  in  the  state  of  disper¬ 
sion  of  the  unsaturated  lipoids  induced  by  the  acidity. 

SERUM  PROTEASE. 

Ill  our  study  of  serum  protease  we  have  noted  that  the  serum 
ferment  of  the  common  lalioratory  animals,  guinea  pigs  and  rab- 
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bits,  is  not  specific;  for  when  freed  from  antitrypsin  these  sera  are 
not  only  autolytic  but  digest  casein,  edestin,  and  similar  substrata. 
Serum  from  the  dog,  cat,  and  ox  show  considerable  variation. 
Thus  in  normal  dog  serum  proteases  could  be  demonstrated  only 
occasionally,  but  appeared  regularly  under  pathological  conditions 
(distemper,  pneumonia,  and  inanition).  The  serum  protease  of 
these  animals  acts  both  in  a  slightly  acid  as  well  as  in  an  alkaline 
medium;  its  action,  like  that  of  trypsin  and  leucoprotease,  is  in¬ 
hibited  by  diluted  solution  of  the  unsaturated  soaps,  and  the  ther¬ 
mal  death  point  lies  near  70°  C.  when  heated  for  thirty  minutes, 
although  lower  temperatures  (56°  C.  for  thirty  minutes)  cause 
marked  impairment  of  the  proteolytic  power.  The  relative  thermo¬ 
stability  as  compared  to  serum  complement  is  of  considerable  im¬ 
portance  both  from  a  theoretical  as  well  as  a  practical  standpoint. 
The  non-identity  of  serum  complement  and  serum  proteases  should 
be  emphasized,  for  throughout  the  literature  these  ferments  are 
constantly  confused.  The  simplest  demonstration  of  the  difference 
is  made  by  the  action  of  chloroform  upon  guinea  pig  serum.  When 
this  serum  is  thoroughly  mixed  with  chloroform  and  incubated,  the 
complement  and  esterase  are  rapidly  destroyed,  whereas  the  serum 
protease  becomes  active  under  these  conditions,  as  first  noted  by 
Delezenne  and  Pozerski.  Complement  action  is  constantly  referred 
to  as  proteolytic,  and  it  is  assumed  that  the  temperature  which  in¬ 
activates  complement  also  inactivates  serum  protease.  Thus  Lange 
(13)  in  his  excellent  study  of  the  Ahderhalden  reaction  is  unable 
to  account  for  the  fact  that  frequently  he  noted  that  inactivated 
serum  gave  a  positive  reaction,  although  somewhat  weaker  than  the 
active  serum.  Assuming  that  all  proteolytic  activity  had  been  de¬ 
stroyed  with  the  inactivation  of  the  complement,  he  could  not  ex¬ 
plain  these  reactions,  although  it  becomes  evident  that  such  weak 
reactions  will  be  observed  frequently  when  tested  for,  inasmuch  as 
at  60°  C.  the  protease  is  impaired  and  not  completely  destroyed. 
Williams  and  Pearce  (14)  have  recorded  similar  observations.  It 
is  shown  with  guinea  pig  serum  incubated  with  placenta  for  twenty- 
four  hours  as  follows : 
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Dialysace. 

Ninhydrin 

reaction. 

1.  Normal  guinea  pig  serum  plus  placenta .  H — | — h 

2.  Guinea  pig  serum  (inactivated  at  56°  C.  for  30  min.)  plus  placenta  + 

3.  Guinea  pig  serum  (inactivated  at  70°  C.  for  30  min.)  plus  placenta  0 

4.  Guinea  pig  serum  (inactivated  at  56°  C.)  .  o 


A  similar  result  was  obtained  when  the  serum  was  incubated 
with  starch  or  with  chloroform. 

We  have  previously  indicated  (15)  that  the  complemental  ac¬ 
tivity  of  the  serum  is  probably  related  to  the  esterases  and,  there¬ 
fore,  bears  no  direct  relation  to  the  Abderhalden  reaction.  The 
effort  has  been  made  to  reactivate  heated  specific  sera  by  adding 
guinea  pig  complement,  and  in  this  several  observers  have  claimed 
positive  results.  Inasmuch  as  they  are  in  this  way  adding  a  large 
amount  of  a  non-specific  protease,  these  results  can  have  no  value. 

In  contrast  to  the  serum  of  the  smaller  laborator}^  animals,  we 
have  found  that  normal  human  sera  contain  little  or  no  protease. 
Flatow  (16),  on  the  other  hand,  contends  that  all  sera  contain  pro¬ 
tease  in  considerable  amounts,  which  he  has  demonstrated  by  add¬ 
ing  casein  to  serum  in  dialyzing  membranes.  He  found  that  the 
ninhydrin  reaction  was  positive  with  all  sera  and  was  simply  in¬ 
creased  in  pregnancy.  These  experiments  have,  however,  the 
serious  objection  that  casein  is  rather  easily  hydrolyzed  to  the  higher 
splitting  products  without  the  presence  of  any  protease,  and  the 
serum  ereptase  or  peptase,  which  is  undoubtedly  present  in  all  sera, 
would  then  digest  the  higher  splitting  products  to  dialyzable  forms. 
The  differentiation  between  serum  protease  and  the  peptase  or 
ereptase  is  at  times  difficult  to  draw,  although  it  is  of  primary  im¬ 
portance. 

It  is  at  any  rate  interesting  that  animals  which  have  a  constant 
and  strong  protease  in  their  serum  (guinea  pigs  and  rabbits)  should 
be  without  such  ferments  in  the  leucocytes,  whereas  animals  in 
which  leucocytic  proteases  are  well  developed  (dogs  and  man) 
are  seemingly  under  normal  conditions  without  much  protease  in 
the  serum. 

ABDERHALDEN  REACTION. 

From  a  theoretical  point  of  view  there  are  several  phases  in  the 
explanation  of  the  Abderhalden  reaction  which  are  at  variance  with 
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various  facts  in  immunological  research  as  developed  in  the  past 
few  years.  It  has  been  found  that  in  those  conditions  in  which  the 
Abderhalden  reaction  has  been  most  frequently  tested  for, — preg¬ 
nancy,  carcinoma,  tuberculosis,  and  the  various  nervous  lesions, — 
there  is  present  a  marked  increase  in  the  anti  ferment  of  the  serum. 
The  increase  in  pregnancy  (and  carcinoma)  is  so  well  recognized 
that  numerous  workers  have  suggested  the  use  of  the  antitrypsin 
titer  in  place  of  the  Abderhalden  reaction. 

Thus  Franz  (17)  in  a  scries  of  223  cases  and  Heinemann  (18)  in  a  series  of 
50  cases  report  better  results  than  with  the  Abderhalden  method.  This  has  been 
taken  up  fully  by  Freund  and  Brahm  (19),  who  came  to  the  same  conclusion. 
Under  such  conditions  we  should  expect  less  digestion  of  native  placenta  in  the 
serum  than  normally.  This,  as  a  matter  of  fact,  is  exactly  the  condition  found. 
Wilhelm  and  Szandicz  (20)  have  recently  shown  that  native  placental  cells  (not 
boiled)  autolyzed  in  normal  serum,  but  that  the  serum  of  pregnant  individuals 
retarded  this  autolysis,  because  of  the  increase  in  antiferment.  These  facts  are, 
of  course,  contrary  to  the  theory  of  the  Abderhalden  reaction.  Again,  the  idea 
is  advanced  that  as  a  result  of  tissue  destruction  or  of  infection,  lytic  bodies  or 
proteases  are  found  which  are  capable  of  splitting  the  infecting  organism  (as  in 
tuberculosis)  or  the  cell  (as  in  carcinoma).  Now  it  is  a  well  established  fact 
(reaction  of  Freund  and  Kaminer)  that  in  carcinoma  we  have  actually  the  re¬ 
verse  of  this  process ;  i.  e.,  the  blood  of  the  carcinoma  patient  has  lost  the  power 
to  dissolve  carcinoma  cells  normally  possessed  by  the  serum.  Yet  the  Abder¬ 
halden  theory  is  based  on  the  diametrically  opposite  supposition  without  any 
experimental  basis  in  its  support. 

Jiven  if  we  leave  aside  the  question  of  the  impairment  of  specific¬ 
ity  of  boiled  tissues,  one  rather  striking  feature  stands  out  in  re¬ 
viewing  the  results  obtained  in  various  laboratories,  in  that  placental 
tissue  is  digested  by  practically  all  pathological  sera  irrespective  of 
pregnancy,  whereas  the  cross-digestion  of  caseous  material  and  of 
carcinoma  tissue  is  much  less  constant.  It  has  been  noted  that  nor¬ 
mal  lung  tissue  next  to  placental  tissue  is  most  frequently  digested. 
The  reaction  is  obtained  only  when  a  formed  substrate  is  used,  and 
seems  to  depend  on  the  mechanical  state  of  division  of  that  sub¬ 
strate;  or  if  a  fluid  substrate  is  used,  it  has  been  found  that  the 
reaction  is  positive  only  when  a  precipitin  reaction  occurs  simul¬ 
taneously.  Thus  there  would  seem  to  l5e  some  dependence  of  the 
reaction  u])on  physical  factors. 

Thi.s  is  indicated  in  the  work  of  Plant  (21)  who  found  that  with  guinea  pig 
serum  the  Abderhalden  reaction  was  regularly  obtained  not  only  with  placental 
tissue  but  also  with  inert  substances  such  as  kaolin,  Kicsciguhr,  barium  sulphate, 
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etc.  This  work,  of  course,  showed  that  digested  products  might  be  derived  from 
the  serum  and  not  from  the  added  substrate.  We  have  previously  demonstrated 
such  digestion  if  serum  is  extracted  with  lipoidal  solvents  (22).  In  a  manner 
similar  to  that  of  Plant,  Peiper  (23)  and  Friedemann  and  Schonfeld  (24)  regu¬ 
larly  obtained  a  positive  Abderhalden  reaction  when  starch  was  added  to  the 
serum.  Probably  the  most  suggestive  work  is  that  of  de  Waele  (25)  who  found 
that  any  agent  which  would  cause  an  alteration  of  the  physical  state  of  the  serum 
globulins  would  cause  a  most  intensive  Abderhalden  reaction,  and  concluded  that 
the  reaction  depended  upon  a  globulinolysis,  having  an  origin  in  processes  pos¬ 
sibly  analogous  to  the  precipitin  reaction.  In  this  it  is  interesting  to  note  that 
Eggstein  (26)  found  that  the  mere  dilution  of  the  serum  in  the  dialyzing  mem¬ 
brane  with  a  large  amount  of  distilled  water  would  frequently  give  a  positive 
reaction  without  the  addition  of  any  substrate,  the  result  being  probably  due  to 
a  precipitation  of  the  globulins.  He  also  found  that  an  acid  reaction  interfered 
with  the  reaction,  whereas  in  an  alkaline  medium  the  digestion  seemed  in¬ 
creased.  This  has  been  noted  by  Goorniaghtigh  and  Deheegher.  In  view 
of  these  results  the  view  would  seem  warranted  that  dialyzable  products 
responsible  for  the  Abderhalden  reaction  might  originate  from  the  serum  and 
that  the  phenomenon  depended  upon  adsorption  processes,  the  substrate  added — 
placental  tissue,  caseous  material,  bacteria,  etc. — acting  as  adsorbing  media  and 
not  as  substrata.  On  the  basis  of  our  work  with  the  serum  anti  ferment  and  on 
the  serum  lysis  of  bacteria,  we  have  previously  (15)  suggested  this  explanation 
of  the  Abderhalden  reaction. 

We  have  recently  demonstrated  that  the  serum  anti  ferment  is  a 
readily  adsorbable  substance,  being  adsorbed  by  bacteria,  kaolin, 
starch,  agar,  etc.,  and  that  following  such  adsorption  the  serum 
proteases  normally  present  may  split  the  serum  proteins  to  toxic 
products,  as  in  anaphylatoxin  formation (27).  It  would  then  seem 
logical  to  investigate  whether  similar  processes  underlie  the  Abder¬ 
halden  reaction.  Under  such  circumstances  we  should  expect  thr.t 
(a)  the  placental  tissue  would  not  be  decreased  in  amount  during  di¬ 
gestion,  (b)  the  placental  tissue  used  in  the  reaction  would  become 
more  resistant  to  tryptic  digestion  because  of  adsorption  of  anti  fer¬ 
ment,  (c)  the  serum  in  the  dialyzing  membrane  would  show  some 
lowering  of  its  antiferment  titer,  Id)  the  developed  protease  action 
would  be  non-specific,  and  (e)  that  other  means  of  adsorption  of 
the  anti  ferment  would  reveal  the  presence  of  proteases. 

EXPERIMENTAL. 

LACK  OF  PLACENTAL  DIGESTION  BY  SERUM. 

In  order  to  demonstrate  that  the  placental  tissue  is  not  digested 
we  have  carried  out  the  following  experiment. 
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Placental  tissue  was  dried  according  to  the  method  of  Lindig  (28).  70  mg. 
were  made  up  into  an  emulsion,  boiled,  and  carefully  divided  into  ten  centrifuge 
tubes.  2  c.c.  of  pregnant  serum  were  added  to  five  tubes,  and  an  equivalent 
amount  of  salt  solution  to  the  five  control  tubes.  After  digesting  for  twenty-four 
hours  the  placental  tissue  was  centrifuged  from  the  supernatant  fluid,  and  after 
two  washings  the  total  nitrogen  of  the  placental  rest  was  determined.  The  non- 
coagulable  nitrogen  of  the  supernatant  fluids  and  washings  was  also  determined. 


Total  non-coagulable  nitrogen  per  c.c.  of  serum .  0.25  mg. 

Total  non-coagulable  nitrogen  of  the  salt  solution  from  placenta . 0.05  mg. 

Total  non-coagulable  nitrogen  per  c.c.  of  serum  from  placenta . 0.37  mg. 

Total  nitrogen  of  placental  tissue  from  salt  solution  controls .  0.58  mg. 

Total  nitrogen  of  placental  tissue  from  serum  tubes .  0.74  mg. 


Instead  of  a  lessened  amount  of  substrate,  as  would  be  demanded 
if  the  placental  tissvte  were  actually  digested,  there  is  an  actual  increase 
in  the  amount  of  nitrogen-containing  material  which  has  been  derived 
from  the  serum,  while  there  is  at  the  same  time  an  increase  in  the 
total  non-coagulable  nitrogen  of  the  supernatant  serum,  the  split 
products  being  formed  from  the  serum  proteins. 

RESISTANCE  OF  PLACENTAL  TISSUE. 

That  the  placental  tissue  becomes  more  resistant  to  enzyme  ac¬ 
tion  following  the  dialysis  is  shown  in  the  following  experiment. 

Dried  placental  substrate  was  suspended  in  salt  solution  so  that  i  c.c.  con¬ 
tained  2  mg.  of  nitrogen.  A  similar  preparation  was  made  from  placental  tissue 
after  it  had  been  subjected  to  the  action  of  serum  and  thoroughly  washed  free 
from  the  serum.  The  non-coagulable  nitrogen  in  each  suspension  amounted  to 
0.03  mg.  per  c.c.  Both  suspensions  were  made  alkaline  with  sodium  carbonate, 
and  o.i  c.c.  of  trypsin  solution  was  added,  an  amount  sufficient  to  digest  2  c.c. 
of  I  per  cent,  casein  solution  in  one  hour.  The  amount  of  digestion  noted  was 
as  follows. 


Digestion  in  per  cent,  after 

I  hr,  1 

'  4  hrs. 

Untreated  placenta . 

2.5% 

18% 

Serum  placenta . 

0.6% 

10% 

The  serum-treated  placenta  had  become  almost  twice  as  resist¬ 
ant  as  the  normal  placenta. 

ADSORPTION  OF  ANTIFERMENT, 

Protease  action  in  the  serum  must  take  place  under  conditions 
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of  anti  ferment  deficiency,  for  if  the  ferment  action  were  not  over¬ 
balanced  by  an  anti  ferment  the  organism  would  die  immediately 
from  intoxication  from  the  protein  split  products.  We  believe  that 
the  antiferment  deficiency  need  not  be  expressed  by  a  lowering  of 
the  titer  of  the  whole  serum  unless  the  adsorption  has  been  very 
extensive.  Indeed,  it  seems  probable  that  the  protease  action  can 
take  place  in  what  might  be  termed  local  areas  of  antiferment  de¬ 
ficiency,  such  as  must  occur  at  the  point  of  contact  of  the  serum 
and  adsorbing  substance.  A  complete  absence  of  antiferment  is, 
therefore,  not  essential  for  protease  action  provided  some  adsorb¬ 
ing  surface  is  present  on  which  the  relative  balance  of  ferment- 
antiferment  may  be  altered.  The  titer  of  the  serum  is,  however, 
lowered  as  a  whole  during  the  dialysis,  as  is  shown  in  the  follow¬ 
ing  experiment  with  pregnant  serum  which  was  incubated  for 
thirty-six  hours  and  which  gave  a  Abderhalden  reaction. 


Serum  dilation. 

Inhibition  of  serum. 

Before  dialysis. 

After  dialysis. 

O.IO  c.c. 

90% 

91% 

0.07s  c.c. 

91% 

90% 

0.05  c.c. 

91% 

91% 

0.02s  c.c. 

91% 

33% 

.  O.OI  c.c. 

24% 

10% 

It  will  be  observed  that  an  excess  of  serum  is  able  to  cause  almost 
complete  inhibition  of  the  trypsin  unit,  the  lowering  of  the  titer 
being  evident  in  the  greater  dilutions. 

It  is  probable  that  the  dialyzing  membrane  itself  acts  to  a  certain 
extent  as  an  adsorbing  membrane  for  the  anti  ferment,  so  that  fre¬ 
quently  a  serum,  which  in  itself  does  not  contain  sufficient  dialyz- 
able  substances  to  give  a  positive  reaction,  as  evidenced  by  the  nega¬ 
tive  control  of  inactive  serum,  and  also  of  inactive  serum  plus 
placenta,  will  give  a  positive  reaction.  When  placed  in  glass  such 
a  serum  will  not  undergo  autolysis.  Paul  Lindig  (28),  among 
others,  has  noted  this  phenomenon,  and  concludes  that  the  dialyz- 
able  products  are  due  to  enzyme  action  and  not  to  preformed  dia- 
lyzable  products.  Such  an  experiment  is  shown  in  the  following 
protocol. 
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Serum  Proteases  and  Abderlialden  Reaction. 


Abderhalden 

reaction. 

Antiferment  titer 
after  dialysis,  for 
0.025 

Total  nitrogen 
in  dialysate. 

+ 

45% 

0.118  mg. 

0.13  mg. 

0.25  mg. 

0.17  mg. 

+  +  + 

0 

33% 

Pregnant  serum  inactive  plus  placenta. . . 

90% 

Total  non-coagu- 
lable  nitrogen  in 
serum  0.12  mg. 

There  has  been  a  considerable  reduction  of  the  titer  of  the  serum 
in  the  dialyzing  membrane  even  without  the  addition  of  substrate. 
It  will  be  recalled  that  this  adsorption  of  the  antiferment  by  dia¬ 
lyzing  membranes  led  to  an  error  on  the  part  of  Rosenthal,  who 
sought  to  show  that  the  antiferment  of  the  blood  consisted  of  the 
dialyzable  protein  split  products,  and  concluded  that  the  reduction 
of  anti  ferment  following  dialysis  was  due  to  diffusion  of  the  split 
products. 

NON-SPECIFICITY. 

The  fact  that  pregnant  and  various  pathological  sera  will,  when  placed  in  the 
dialyzing  membrane  with  inorganic  or  organic  agents,  give  a  positive  Abder- 
halden  reaction  has  already  been  demonstrated,  the  most  recent  series  being  that 
of  Freund  and  Brahm  (19),  who  noted  that  in  fifty-eight  cases  they  obtained 
positive  results  in  forty  cases.  Similar  results  have  recently  been  described  by 
Bronfenbrenner  (29)  with  the  use  of  chloroform.  He  concludes  that  the  serum 
itself  is  the  source  of  the  dialyzable  products,  that  the  placental  tissue  is  not 
digested,  that  substances  which  removed  the  anti  ferment, — chloroform,  kaolin, 
starch, — cause  a  positive  reaction,  while  the  addition  of  anti  ferment  causes  the 
inhibition  of  the  reaction.  Bronfenbrenner  has  noted  that  the  intensity  of  the 
Abderhalden  reaction  is  inversely  related  to  the  complement  activity,  thus  offer¬ 
ing  additional  evidence  of  the  fact  which  we  have  endeavored  to  emphasize; 
namely,  the  non-identity  of  the  serum  complement  and  serum  protease.  Bron¬ 
fenbrenner  does  not,  however,  draw  the  same  conclusion  from  this  observation. 

In  our  own  experiments  we  have  obtained  positive  results  with 
pregnant,  tulierculous.  and  pneumonic  sera,  whether  cldoroform, 
agar,  starch,  or  placenta  were  used  as  adsorbing  media.  With 
agar,  starch,  and  chloroform  the  effects  were  less  uniform  when 
these  .substances  were  placed  directly  into  the  dialyzing  membrane, 
probably  because  they  interfere  more  or  less  with  the  rapidity  of 
diffusion.  When,  however,  these  substances  were  permitted  to  act 
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upon  the  serum  at  an  incubator  temperature  for  a  period  of  time, 
and  the  serum  was  then  placed  in  the  thimbles,  a  positive  result  was 
invariably  obtained.  The  interference  of  chloroform  and  of  the 
colloids  with  the  dialysis  is  shown  in  the  following  experiment  in 
which  1.5  c.c.  of  Seiden  peptone  were  permitted  to  dialyze  in  one 
membrane,  and  chloroform  and  agar  were  added  to  an  equal 
amount  of  peptone  in  other  membranes. 


1 

Abderhalden  reaction.  j 

Percent,  of  nitrogen  dialyzed. 

Peptone . j 

+  +  + 

82% 

Chloroform  and  peptone . 

+  + 

58% 

Agar  and  peptone . 

1  -h 

52% 

This  effect  of  the  colloids  must  be  considered  when  experiments 
are  made  by  adding  such  substances  directly  to  the  thimbles.  We 
have  found  it  advisable  to  permit  the  anti  ferment  adsorption  to  take 
place  before  the  serum  is  dialyzed,  the  adsorbing  substances  being 
centrifuged  from  the  serum  as  much  as  possible  before  the  serum 
is  placed  in  the  thimbles.  Even  a  short  period  (three  hours  at  37° 
C.)  of  the  adsorbing  action  may  in  some  cases  be  sufficient  to  give 
a  positive  reaction,  as  is  shown  in  the  following  experiment  with 
pneumonia  serum. 


Abderhalden  reaction.  Total  nitrogen  in  dialysate. 

0  0.34  mg. 

0  i  0.3  mg. 

-t--t--h-l-  0.56  mg. 

+  +  0.41  mg. 

+  0.33  mg. 

i  0  0.28  mg. 

,  -1-  0.37  mg. 

■  0  0.2  mg. 

6.  Serum  and  agar . 

7.  Scrum  and  starch . 

8.  f^crum  and  kaolin . 

1.5  c.c.  of  serum  were  used.  The  placental  tests  were  permitted  the  usual 
time  of  twenty-four  hours.  Tests  5,  6,  7,  and  8  were  mixed  with  chloroform 
(equal  volume),  agar  (equal  volume  of  o.i  per  cent,  solution),  starch  (equal 
volume  of  10  per  cent,  solution),  and  kaolin  (0.05  gm.)  and  inculxited  for  three 
hours.  They  were  then  centrifuged  and  the  clear  sera  placed  in  the  thimbles 
over  night. 

It  is  probable  that  the  negative  reactions  with  the  agar  and  kaolin 
were  due  to  insufficient  amounts  of  adsorbing  substances.  We 
have  discussed  this  point  in  a  previous  paj^er  (27).  In  all  the  sera 
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tested  (pregnancy,  pneumonia,  and  tuberculosis)  the  placenta  has 
given  a  positive  reaction,  while  caseous  material  has  given  a  cross¬ 
reaction  with  both  pregnant  and  pneumonia  serum.  An  extended 
series  of  sera  from  various  pathological  cases  has  been  reported  by 
Falls  (30),  who  in  eighty-four  pathological  sera  obtained  positive 
reactions  varying  from  weak  to  strong  in  sixty-eight,  using  placen¬ 
tal  tissue  as  a  substrate.  Under  such  circumstances  the  specificity 
of  the  reaction  is  at  least  highly  doubtful. 

In  view  of  the  experimental  data  presented  above,  together  with 
those  given  in  our  previous  papers,  we  are  inclined  to  believe  that 
the  Abderhalden  dialysis  method  and  the  theory  underlying  it,  in  so 
far  as  it  is  applicable  to  protease  action,  is  without  warrant  of 
specificity,  and  probably  depends  upon  purely  fortuitous  mechanical 
factors.  It  seems  probable  that  in  various  pathological  conditions 
proteases  normally  confined  to  the  leucocytes  in  the  human  being 
appear  in  the  blood  where  their  presence  can  be  demonstrated  by  a 
method  which  removes  the  antiferment  without  injuring  the  fer¬ 
ment.  The  proteases  are  not  specific,  the  placental  tissue  being 
found  most  efficacious,  possibly  because  of  purely  mechanical  fac¬ 
tors  (surface  exposure),  as  is  indicated  by  the  wide  range  of  clini¬ 
cal  conditions  in  which  the  placental  substrate  gives  positive  results. 

CONCLUSIONS. 

1.  Normal  serum  protease  is  not  specific;  it  is  active  in  both 
dilute  acid  as  well  as  alkaline  media.  It  is  destroyed  by  heating 
to  70°  C.  for  thirty  minutes.  It  is  markedly  impaired  when  heated 
at  56°  C.  for  thirty  minutes.  It  is  inhibited  by  the  unsaturated 
soaps  and  lipoids. 

2.  Guinea  pig  and  rabbit  serum  contain  relatively  much  pro¬ 
tease;  the  leucocytes  are  without  proteolytic  ferments. 

3.  Normal  human  and  dog  serum  contain  little  or  no  protease; 
the  leucocytes  are  strongly  proteolytic. 

4.  Serum  complement  and  protease  are  not  identical. 

5.  During  various  pathological  conditions  the  non-specific  pro¬ 
tease  is  increased  in  both  human  and  dog  serum. 

6.  An  increase  in  anti  ferment  is  in  many  instances  coincident. 

7.  During  the  Abderhalden  reaction  the  placental  tissue  becomes 
more  resistant  to  enzyme  action,  because  of  the  adsorption  of  the 
anti  ferment  from  the  serum. 
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8.  The  dialyzed  serum  loses  antiferment  because  of  adsorption 
by  the  placental  tissue  or  other  adsorbing  substances,  including 
probably  the  dialyzing  membrane. 

9.  The  digestive  substrate  is  the  serum  protein  made  available 
for  protease  action  by  the  adsorption  of  the  antiferment. 

10.  The  proteases  in  pathological  conditions  investigated  by  us 
(pregnancy,  tuberculosis,  and  pneumonia)  are  non-specific. 
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THE  INFLUENCE  THAT  SERUM  EXERTS  UPON  TRY¬ 
PANOSOMES,  WITH  SPECIAL  REFERENCE  TO 
ITS  USE  FOR  EXPERIMENTS  IN  VITRO 
WITH  ATOXYL  AND  PARAMINO- 
PHENYLARSENOXYD* 

By  B.  T.  terry,  M.D. 

{From  the  George  Speyer  House,  Frankfurt  a/M.,  and  the  Laboratories  of  The 
Rockefeller  Institute  for  Medical  Research.) 

INTRODUCTION. 

Although  it  has  been  known  for  many  years  that  trypanosomes 
suspended  in  serum  may  retain  their  motility  for  days,  it  apparently 
occurred  to  no  one  to  make  use  of  this  fact  in  experiments  with 
trypanosomes  in  vitro.  Nevertheless,  a  good  medium  for  suspend¬ 
ing  trypanosomes  was  needed,  for  salt  solution  which  has  usually 
been  employed  in  experiments  in  vitro  is  so  poisonous  for  these  or¬ 
ganisms  that  it  exerts  on  them  a  marked  toxic  influence,  and  for 
this  reason  limits  the  duration  of  the  experiments.  The  use  of 
serum  for  experiments  in  vitro  was,  however,  not  even  suggested 
by  Schern,^  who  in  1911  published  a  paper  on  the  activating  proper¬ 
ties  of  serum  and  liver  extracts.  Schern  pointed  out  that  this 
property  in  serum  could  be  retained  for  a  long  time. 

The  advantage  of  using  serum  for  experiments  in  vitro  with 
nagana  (goat  normal  passage  iii)  I  discovered  quite  by  accident  while 
working  in  1910  in  the  George  Speyer  House  in  Frankfurt  a/M.  In 
testing  the  toxicity  for  trypanosomes  of  paraminophenylarsenoxyd  I 
found  that  the  motility  of  the  trypanosomes  was  preserved  better  in 
certain  weak  dilutions  of  the  toxin  dissolved  in  blood  than  in  the 
controls  made  by  suspending  the  organisms  in  salt  solution. 

This  surprising  fact  was  at  once  investigated  and  a  stimulating 
influence  due  to  the  toxin  was  excluded,  for  similar  dilutions  in 

*  Received  for  publication,  December  30,  1914. 

^  Schern,  K.,  Arb.  a.  d.  k.  Gsndhtsamtc.,  1911,  xxxviii,  338. 
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salt  solution  did  not  have  this  effect.  The  blood  was  examined 
and  experiments  soon  showed  that  the  effect  seen  was  due  to  the 
serum  in  the  blood  and  to  the  serum  alone. 

As  I  had  been  seeking  in  vain  for  a  substitute  for  salt  solution 
for  experiments  in  vitro,  it  occurred  to  me  that  serum  might  be 
used  for  this  purpose.  I  tried  it  and  found  it  so  satisfactory  that 
it  has  been  employed  since  then  in  nearly  all  my  experiments. 

Although  serum  was  used  in  my  experiments  throughout  1910 
and  1911,  I  did  not  report  its  advantages  for  experiments  in  vitro 
until  February  21,  1912.^  A  few  days  later  there  appeared  in  Ger¬ 
many  a  paper  by  Rothermundt  and  Dale.^  In  this  paper  Rother- 
mundt  and  Dale  called  attention  to  the  value  of  suspending  trypano¬ 
somes  in  serum.  By  so  doing  they  had  been  able  to  prolong  their 
experiments  in  vitro,  and  prolonging  their  experiments  had,  they  said, 
enabled  them  to  discover  what  others  had  overlooked;  i.  e.,  that 
atoxyl  has  a  direct  action  upon  trypanosomes  in  vitro. 

In  my  paper  in  1912  no  details  were  given.  In  this  one  I  desire 
to  publish  a  few  protocols  and  add  to  the  points  made  in  1912. 

Serum  preserves  the  motility  of  trypanosomes  suspended  in  it 
much  better  and  longer  than  salt  solution  does.  In  one  experiment 
a  richly  infected  mouse  was  bled  to  death  and  its  blood  was  divided 
in  two  parts,  one  part  being  added  to  salt  solution  and  the  other 
part  to  serum.  The  trypanosomes  in  serum  apparently  lost  none 
of  their  activity  during  the  three  hours  they  were  observed.  Those 
placed  in  salt  solution  lost  in  activity  at  once.  After  25  minutes 
they  were  only  about  30  per  cent,  as  active  as  those  in  serum,  and 
after  2  hours  and  5  minutes  at  room  temperature  they  were  com¬ 
pletely  immobilized.  This  experiment  was  repeated  many  times, 
and  except  for  slight  differences  in  detail  the  result  was  always  the 
same.  In  all  experiments  serum  was  superior  to  salt  solution  in 
preserving  the  motility  of  trypanosomes. 

Various  sera, — rabbit,  ox,  horse,  goat,  sheep,  pig,  chicken,  rat, 
and  mouse, — were  tested  for  their  motility-preserving  properties, 
and  all  of  them  were  found  to  possess  it.  In  experiments  with  rat 
and  mouse  sera  some  trypanosomes  were  found  to  be  100  per  cent. 

~  Terry,  B.  T.,  Proc.  Soc.  Exper.  Biol,  and  Med.,  1911-12,  ix,  40. 

®  Rothermundt,  M.,  and  Dale,  J.,  Zt.tchr.  f.  Immunltiitsforsch.,  Orig.,  1912, 
xii,  565- 
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motile  even  after  24  hours’  contact  with  the  serum  at  room  tem¬ 
perature. 

To  ascertain  how  strong  this  motility-preserving  property  was, 
salt  solution  in  varying  quantity  was  added  to  the  sera  and  the  tests 
were  repeated.  These  tests  showed  that  some  slight  effect  of  the 
serum  was  seen  in  dilutions  as  great  as  i  part  in  16  or  i  in  32,  but 
that  dilutions  of  serum  greater  than  i  in  2  or  i  in  4  were  not  as 
good  as  undiluted  serum  if  the  contact  at  room  temperature  was  3 
hours  or  longer. 

Serum  obtained  from  the  slaughter  house  was  rarely  or  never 
sterile,  and  infected  serum  soon  proved  unsatisfactory.  To  free 
the  serum  from  bacteria  a  sterile  Berkefeld  filter  was  employed, 
and  the  filtered  serum  was  tested.  It  was  found  to  be  perfectly 
satisfactory. 

To  ascertain  how  long  filtered  serum  would  preserve  its  proper¬ 
ties,  a  large  quantity  was  filtered,  bottled  aseptically,  and  preserved 
in  the  ice  box  for  many  months.  In  serum  that  had  been  preserved 
nearly  a  year  no  diminution  in  the  motility-preserving  property 
was  seen.  It  became  easy,  therefore,  to  keep  on  hand  an  abundant 
supply  of  active  serum. 

“Sale  physiologicum”  of  Merck  was  tested,  at  the  suggestion  of 
Professor  Ehrlich,  to  see  if  it  would  be  as  effective  as  serum.  It 
proved  to  be  far  inferior  and  seemed  to  be  no  better  than  the  ordinary 
0.9  per  cent,  pure  sodium  chloride  solution  used  in  the  laboratory. 

At  the  suggestion  of  Dr.  Meltzer  I  experimented,  after  my  re¬ 
turn  to  America,  to  see  if  Ringer  solution  might  not  give  as  good 
results  as  serum.  In  my  experiments  I  used  two  different  Ringer 
solutions.^ 

4  RINGER  SOLUTION,  MELTZER. 


Sodium  chloride  .  9.00  gm. 

Calcium  chloride  .  0.22  gm. 

Potassium  chloride  .  0.30  gm. 

Sodium  bicarbonate  .  0.2  gm. 

Magnesium  chloride  .  0.095  gm. 

Distilled  water,  made  up  to  .  1,000.00  c.c. 


This  was  prepared  by  Dr.  Auer  and  furnished  by  Dr.  Githens. 

RINGER  SOLUTION,  CARREL. 

Sodium  chloride  (Merck,  highest  purity,  pure,  fused) .  9.0  gm. 
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In  the  first  Ringer  solution  experiment  a  mouse  infected  with 
trypanosomes  was  decapitated,  its  blood  was  defibrinated,  and  o.i 
of  a  cubic  centimeter  was  added  to  each  of  four  tubes,  each  of 
which  contained  five  cubic  centimeters  of  fluid.  The  first  tube  con¬ 
tained  salt  solution  (0.9  per  cent.),  the  second  the  Meltzer  Ringer 
solution,  the  third  the  Carrel  Ringer,  and  the  fourth  ox  serum. 
The  result  of  the  tests  is  shown  in  table  I,  the  motility  of  the  try¬ 
panosomes  being  expressed  in  percentages,  100  per  cent,  being  un¬ 
impaired  motility.  Smaller  percentages  show  correspondingly  de¬ 
creased  motility. 

TABLE  I. 


No. 

After  con¬ 
tact  for 

Salt  solution. 
Motility  per  cent.^ 

Rinjfer,  Meltzer. 
Motility  per  cent. 

Ringer,  Carrel. 
Motility  per  cent. 

Ox  serum. 
Motility  per  cent. 

7.187.8 

5  min. 

60 

60 

100 

100 

7-187,8 

30  min. 

35 

26 

100 

90 

7.187.8 

60  min. 

10 

10 

60 

90 

7-187.8 

120  min. 

5 

5 

60 

90 

From  table  I  we  see  that  after  5  minutes  no  difference  was 
evident  between  the  Carrel  Ringer  solution  and  the  serum,  and  that 
these  were  distinctly  better  than  the  Meltzer  Ringer  and  the  salt 
solution.  The  cattle  serum  in  this  experiment  seemed,  however, 
to  be  a  little  less  efficient  than  usual,  and  after  30  minutes  the 
Carrel  Ringer  appeared  to  have  preserved  the  motility  a  trifle  better 
than  the  serum. 

After  60  and  90  minutes,  however,  the  serum  was  undoubtedly 
better  than  the  Carrel  Ringer  solution,  and  the  Carrel  Ringer  was 
distinctly  better  than  the  Meltzer  Ringer  and  the  salt  solution. 

About  6  weeks  later  the  experiment  was  repeated  with  fresh 
samples  of  salt  solution  and  Ringer  solution.  The  result  is  shown 


in  table  II. 

Calcium  chloride  .  0.25  gm. 

Potassium  chloride  .  0.42  gm. 

Distilled  water  .  1,000.00  c.c. 


The  salts  are  weighed  out  and  dissolved  in  1,000  c.c.  of  distilled  water. 

Prepared  and  furnished  by  Mr.  Ebeling. 

5  The  motility  of  the  trypanosomes  was  observed  under  the  microscope,  de¬ 
scribed  quickly  by  means  of  abbreviations,  and  these  abbreviations  were  subse¬ 
quently  converted  into  percentages  by  rules  which  insure  a  given  de.scription 
yielding  the  same  result  every  time.  These  rules  will  be  given  in  another  paper 
to  appear  soon. 


254  Influence  of  Serum  upon  Trypanosomes. 


TABLE  II. 


No. 

,  After  con- 
i  tact  for 

Salt  solution. 
Motility  per  cent. 

Ringer,  Meltzer. 
Motility  per  cent. 

Ringer,  Carrel. 
Motility  per  cent. 

Cattle  serum. 
Motility  per 
cent. 

7.188 

IS  min. 

76 

40 

76 

100 

7.188 

1  45  min. 

33 

s 

5 

100 

7.188 

1  165  min. 

2 

0 

0 

100 

In  the  second  experiment  the  Carrel  Ringer  solution  proved  to 
be  distinctly  inferior  to  serum,  almost  as  good  as  salt  solution,  but 
distinctly  superior  to  the  Meltzer  Ringer. 

In  other  experiments  with  Carrel  Ringer  solution,  salt  solution, 
and  serum,  the  serum  gave  the  best  result  and  the  Carrel  Ringer 
proved  slightly  inferior  to  salt  solution.  Ringer  solution  is,  there¬ 
fore,  apparently  inferior  to  serum  in  preserving  the  motility  of 
trypanosomes. 

In  the  experiments  with  Ringer  solution  many  rounded  trypano¬ 
somes  were  observed  in  the  fresh  specimens.  It  seemed  desirable 
for  this  reason  to  stain  some  of  the  parasites.  Accordingly  after 
3  hours’  contact  the  trypanosomes  in  Ringer  solution  and  serum 
were  spread  on  a  slide  and  stained  by  the  Giemsa  method.  Most  of 
the  trypanosomes  in  the  Meltzer  and  Carrel  Ringer  solutions  were 
found  to  be  more  or  less  completely  disintegrated.  At  times 
flagella  attached  to  centrosomes  were  seen,  the  rest  of  the  organism 
having  disappeared.  Rounded  forms  containing  nucleus,  centro- 
some,  and  partially  freed  flagellum  were  also  present. 

In  the  fresh  specimens  and  in  stained  specimens  made  from  the 
serum  suspensions  none  of  these  abnormal  forms  were  seen. 
Serum  appears,  therefore,  to  preserve  both  the  motility  and  the 
normal  morphology  of  trypanosomes  better  than  either  of  the 
Ringer  solutions  tested. 

To  forestall  the  criticism  that  the  ox  serum  I  was  employing 
might  have  some  deleterious  effect  that  was  not  evident  in  altering 
the  motility  or  morphology,  I  tested  comparatively,  for  their  in¬ 
fectiousness,  trypanosomes  preserved  in  salt  solution  and  trypano¬ 
somes  kept  in  serum.  These  experiments  showed  that  under  both 
conditions  trypanosomes  preserved  2,  4.  and  6  days  at  room  tem¬ 
perature  were  infectious  for  mice,  but  that  the  trypanosomes  pre¬ 
served  in  serum  infected  sooner  and  killed  the  animals  more  quickly 
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than  those  preserved  in  salt  solution.  For  example,  the  parasites 
preserved  in  salt  solution  for  6  days  appeared  in  the  blood  of  a 
mouse  9  days  later  and  killed  it  on  the  iith  day.  Under  similar 
conditions  trypanosomes  preserved  in  serum  were  visible  in  the 
blood  of  a  mouse  on  the  4th  day  and  killed  it  on  the  7th  day.  In 
one  instance  trypanosomes  preserved  in  serum  for  8  days  at  room 
temperature  were  injected  into  a  mouse  and  the  organisms  infected 
and  killed  this  animal  as  quickly  as  trypanosomes  which  had  been 
preserved  under  similar  conditions  in  salt  solution  for  only  6  days. 

That  trypanosomes  were  still  infectious  after  being  kept  at  room 
temperature  for  8  days  in  cattle  serum  suggests  the  possibility  of 
using  serum  suspensions  for  transporting  virus  where  for  one 
reason  or  another  it  may  be  inconvenient  to  use  an  infected  animal. 
Eight  days  is  long  enough  to  transport  virus  from  New  York  to 
San  Francisco,  or  even  from  New  York  to  London,  Paris,  or 
Frankfurt. 

Ice  Box  Temperature. — A  few  experiments  were  made  to  see 
if  the  infectiousness  of  trypanosomes  would  be  better  preserved  at 
Te  box  temperature  than  at  room  temperature.  In  every  instance, 
however,  room  temperature  seemed  better  than  ice  box  tempera¬ 
ture,  but  even  at  ice  box  temperature  the  infectiousness  of  the 
trypanosomes  seemed  to  be  preserved  better  in  serum  than  in  salt 
solution. 

Before  serum  could  be  employed  in  my  experiments  in  vitro  with 
atoxyl  and  paraminophenylarsenoxyd  it  was  necessary  to  deter¬ 
mine  that  serum  would  not  exercise  any  disturbing  effect.  A  num¬ 
ber  of  experiments  were  therefore  carried  out. 

Serum  was  tested  for  its  transforming  power  in  the  same  way 
that  blood  had  been  tested.  A  10  per  cent,  solution  of  atoxyl  in 
rabbit  serum  was  incubated  at  37°  C.  for  3  hours,  and  then  try¬ 
panosomes  were  brought  in  contact  with  various  dilutions  of  the 
atoxyl  dissolved  in  serum.  The  result  is  shown  in  outline. 


No. 

Method. 

After  con¬ 
tact  for 

Motility  1 
per  cent. 

Dilution. 

5-69 

Rabbit  scrum 

1  A  (10%,  37®,  3  hrs.) 

6s  min. 

100 

100 

5-68 

Rabbit  blood 

1  A  (10%,  37°,  3  hrs.) 

60  min. 

0 

3.000 
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From  this  we  see  that  after  65  minutes’  contact  with  serum 
containing  one  part  of  atoxyl  in  100,  the  trypanosomes  were  unin¬ 
fluenced,  whereas  in  the  control  experiment  in  which  rabbit  blood 
was  employed  instead  of  serum,  all  the  parasites  were  immobilized 
in  60  minutes  in  an  atoxyl  dilution  of  i  part  in  3,000.  Serum, 
therefore,  apparently  does  not  transform  atoxyl. 

The  binding  power  of  serum  for  paraminophenylarsenoxyd,  one 
of  the  reduction  products  of  atoxyl,  was  also  tested.  The  tests 
were  made  in  a  number  of  ways,  but  the  results  agreed  in  indicat¬ 
ing  that  serum  did  not  in  any  wise  lessen  the  toxicity  of  paramino¬ 
phenylarsenoxyd  for  trypanosomes. 

The  following  outline  will  show  the  extreme  toxicity  of  para¬ 
minophenylarsenoxyd  when  added  to  twice  its  volume  of  serum. 


No. 

Method. 

[  After  con¬ 
tact  for 

Motility 
per  cent. 

j  Dilution. 

2.63 

I  c.c.  serum  +  0.5  c.c.  pax  +  0.5  c.c.  tryps. 

j  30  min. 

0 

j  1,000,000 

2.63 

I  c.c.  serum  +  0.5  c.c.  pax  +  0.5  c.c.  tryps. 

1  38  min. 

0 

2,000.000 

Pax  is  the  abbreviation  for  paraminophenylarsenoxyd ;  tryps.,  for  trypanosomes. 

From  the  outline  we  see  that  in  30  minutes  all  the  trypanosomes 
were  immobilized  in  a  paraminophenylarsenoxyd  dilution  of  i  to 
1,000,000,  and  in  38  minutes  in  a  dilution  of  i  to  2,000,000.  The 
toxicity  shown  here  by  paraminophenylarsenoxyd  dissolved  in  serum 
and  acting  for  30  minutes  on  trypanosomes,  is  exactly  like  that  which 
Ehrlich®  reported  in  1908  for  the  same  medicament  dissolved  in 
salt  solution  and  acting  on  trypanosomes  for  30  minutes. 

In  a  number  of  experiments  trypanosomes  were  immobilized 
more  quickly  in  serum  than  in  corresponding  dilutions  of  salt  solu¬ 
tion.  This  was  apparently  due  to  the  fact  that  in  the  presence  of 
serum  trypanosomes  move  more  rapidly  than  in  the  presence  of 
salt  solution.  By  increasing  the  metabolic  processes  of  the  trypano¬ 
somes,  serum  probably  causes  the  parasites  to  take  up  the  poison 
more  rapidly  and  to  show  its  effects  more  quickly  than  they  do 
when  suspended  in  salt  solution. 

“'Ehrlich,  P.,  VcrhandL  d.  dcutscli.  dermat.  GcscUsch.,  Xte.  Kongr.,  1908, 
52-70. 
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In  conclusion  I  desire  to  express  my  sincere  thanks  and  deep 
obligation  to  Professor  Ehrlich  for  supplying  me  so  freely  with 
virus,  medicaments,  and  animals,  and  for  the  opportunities  he  af¬ 
forded  me  of  following  up  the  observation  I  made  while  working 
on  a  problem  he  had  suggested. 

SUMMARY. 

1.  Serum  of  various  animals  preserves  the  motility  of  nagana 
trypanosomes  better  and  longer  than  salt  solution. 

2.  To  act  best  in  this  way  the  serum  should  not  be  diluted  more 
than  2  to  4  times.  Undiluted  serum  is  perhaps  best. 

3.  Serum  filtered  through  a  Berkefeld  filter,  bottled  aseptically, 
and  kept  in  the  ice  box  preserves  this  activating  property  apparently 
undiminished  for  many  months. 

4.  Serum  preserves  the  motility  of  trypanosomes  better  than 
"Sals  physiologicum”  of  Merck,  and  better  than  the  Ringer  solu¬ 
tions  of  Meltzer  and  Carrel. 

5.  Serum  preserves  the  normal  morphology  of  trypanosomes 
better  than  the  Ringer  solutions  tested. 

6.  The  infectiousness  of  trypanosomes  suspended  in  cattle  serum 
was  preserved  at  room  temperature  for  at  least  8  days. 

7.  The  vitality  of  the  trypanosomes  in  serum  was  seemingly 
better  preserved  at  room  temperature  than  at  ice  box  temperature. 

8.  Serum  incubated  with  atoxyl  does  not  transform  it  into  a 
toxic  substance. 

9.  Serum  does  not  bind  paraminophenylarsenoxyd,  for  trypano¬ 
somes  suspended  in  serum  are  often  immobilized  more  quickly  by 
paraminophenylarsenoxyd  than  trypanosomes  suspended  in  salt  so¬ 
lution. 

10.  Serum  is  suitable  for  suspending  trypanosomes  for  certain 
experiments  in  vitro,  and  with  proper  precautions  may  be  employed 
for 'transporting  virus  from  laboratory  to  laboratory. 


DIFFERENT  AMOUNTS  OF  TRANSFORMED  ATOXYL 
PRODUCED  BY  INCUBATING  ONE  PER  CENT. 
AND  TEN  PER  CENT.  ATOXYL  IN  BLOOD.* 

By  B.  T.  terry,  M.D. 

(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 


INTRODUCTION. 

Atoxyl  in  5  per  cent,  solution  in  vitro  has  at  room  temperature 
no  influence  on  trypanosomes  for  several  hours,  but  dissolved  in 
blood  and  incubated  at  37°  C.  for  2  or  3  hours  it  gives  rise  to  a 
substance  (transformed  atoxyl,  or  trypanotoxyl)  that  is  quite  toxic 
for  these  parasites. 

This  toxic  substance  has  probably  not  been  isolated  in  purity 
from  the  blood  atoxyl  mixture,  but  the  relative  amounts  of  it 
present  in  different  solutions  may  be  estimated  by  seeing  to  what 
extent  these  solutions  may  be  diluted  before  the  toxic  influence  on 
the  trypanosomes  disappears. 

While  working  in  1910  in  the  George  Speyer  House,  Frankfurt 
a/M.,  on  a  problem  suggested  by  Professor  Ehrlich,  it  became  de¬ 
sirable  to  discover  whether  the  strength  of  the  atoxyl  which  was  in¬ 
cubated  with  blood  had  any  influence  on  the  amount  of  transformed 
atoxyl  produced.  A  number  of  different  strengths  were  tested,  first 
in  Frankfurt,  and  later  at  The  Rockefeller  Institute,  but  most  of  my 
experiments  were  with  i  per  cent,  and  10  per  cent,  atoxyl  in  blood, 
and  it  is  the  results  with  these  two  strengths  that  will  be  reported 
in  this  paper.  Moreover,  as  the  technique  in  the  later  experiments 
yielded  results  that  were  somewhat  easier  to  tabulate  than  those 
obtained  in  the  earlier  experiments,  the  tables  given  in  this  paper 
will  be  taken  exclusively  from  the  experiments  done  at  The  Rocke¬ 
feller  Institute.  The  results  reported  are,  however,  in  exact  accord 
with  those  obtained  by  me  in  the  George  Speyer  House. 

*  Received  for  publication,  December  30,  1914. 
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TECHNIQUE.^ 

The  atoxyl  was  dissolved  in  fresh  rabbit  blood  to  make  i  and  lo  per  cent, 
solutions,  respectively.  These  solutions  in  blood  were  incubated  at  37“  C.  for  i 
to  3  hours,  diluted  with  salt  solution  (0.9  per  cent.),  so  as  to  give,  after  the  addi¬ 
tion  of  0.5  c.c.  of  a  standard  trypanosome  suspension  to  each  0.5  c.c.  of  dilution, 
end  dilutions  of  i  :5oo,  1,000,  2,000,  4,000,  8,000,  and  16,000. 

It  should  be  noted  that  these  end  dilutions  contained  some  unaltered  atoxyl 
and  varying  numbers  of  rabbit  corpuscles,  the  number  decreasing  as  the  dilution 
increased.  The  corpuscles  were  usually  not  removed  as  the  rest  of  the  experi¬ 
ment  was  of  short  duration  and  was  to  be  carried  out  at  room  temperature. 
Under  these  conditions  it  was  thought  that  the  small  number  of  corpuscles 
present  would  at  this  temperature  have  a  negligible  influence  on  the  unchanged 
atoxyl.  Whether  or  not  this  assumption  was  justified  will  be  seen  in  the  results 
reported  in  this  paper. 

The  adding  of  the  trypanosomes  to  each  of  these  dilutions  of  transformed 
atoxyl  was  so  timed  that  the  examination  of  each  dilution  could  be  made  after 
exactly  30,  60,  and  go  minutes’  contact  with  these  parasites.  The  influence  which 
the  dilution  exerted  on  the  trypanosomes  was  then  recorded  in  terms  of  motility 
of  the  parasites,  this  being  reckoned  on  a  per  cent,  basis.  100  per  cent,  indicates 
that  the  trypanosomes  were  perfectly  active,  o  per  cent,  that  all  of  them  had  been 
immobilized.  Intermediate  influences  were  indicated  by  intermediate  percentages. 

The  Tables. — In  interpreting  the  results  in  the  tables  we  should  recall: 

1.  That  the  dilutions  of  atoxyl  in  the  tables  are  comparable,  for  they  repre¬ 
sent  in  all  cases  the  number  of  times  one  part  of  atoxyl  has  been  diluted.  To 
obtain  these  dilutions  the  10  per  cent,  solution  was  in  each  instance  diluted  ten 
times  as  much  as  the  i  per  cent,  solution. 

2.  The  motility  per  cent,  of  the  trypanosomes  is  in  inverse  ratio  to  the  amount 
of  free  toxin  present  in  the  dilution.  Great  motility  of  the  trypanosomes  indi¬ 
cates  the  absence  of  much  toxicity,  but  little  or  no  motility  shows  the  presence  of 
much  toxin. 

3.  To  niake  the  comparison  of  the  results  more  striking  the  figures  which  indi¬ 
cate  a  greater  production  of  toxin  by  one  solution  than  by  the  other  are  printed 
in  heavier  type. 

Inciihation  for  One  Hour. — When  i  per  cent,  atoxyl  in  blood 
and  10  per  cent,  atoxyl  in  blood  were  incubated  at  37°  C.  for  i 
hour  it  was  at  once  obvious  that  the  10  per  cent,  atoxyl  solution 
produced  distinctly  more  than  10  times  as  much  free  toxin  (trans¬ 
formed  atoxyl)  as  the  i  per  cent,  atoxyl  solution.  This  result  has 
been  obtained  many  times  and  three  typical  experiments  showing 
it  are  recorded  in  table  I. 

1  The  technique  of  my  experiments  with  atoxyl  is  given  in  greater  detail  in 
a  paper  entitled:  The  Effect  of  Heat  on  the  Transforming  and  Binding  Power  of 
Blood  (Terry,  B.  T.,  Jour.  E.vper.  Med.,  1915,  xxi,  267). 
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TABLE  1. 


No. 

Method. 

Dilution  4.000. 
Motility 
per  cent. 

Dilution  2.000. 
Motility 
per  cent. 

Dilution  i,ooo. 
Motility 
per  cent. 

After  contact 
for  min. 

100 

100 

100 

30 

9.100 

A  (I  %.  37°.  I  hr.) 

100 

100 

100 

60 

100 

100 

50 

90 

100 

40 

20 

30 

9.IOI 

A  (10%,  37°,  I  hr.) 

30 

10 

0 

60 

0 

0 

0 

90 

100 

100 

100 

30 

9.114 

A  (I  %.  37°.  I  hr.) 

100 

100 

100 

60 

100 

100 

60 

90 

100 

so 

10 

30 

9-II5 

A  (10%,  37°,  I  hr.) 

50 

20 

0 

60 

20 

0 

0 

90 

100 

100 

100 

30 

9-134 

A  (1%.  37°.  I  hr.) 

100 

100 

100 

60 

100 

30 

5 

90 

100 

30 

0 

30 

9-135 

A  (10%,  37°,  I  hr.) 

3o 

0 

0 

60 

0 

0 

0 

90 

In  table  I  we  observe  that  the  motility  of  the  trypanosomes  was 
but  little  affected  in  the  dilutions  from  the  i  per  cent,  atoxyl.  In 
these  dilutions  after  contact  for  30  and  60  minutes  no  effect  was 
seen,  but  after  contact  for  90  minutes  an  effect  was  observed  in  four 
instances,  three  times  in  the  dilution  i  to  1,000,  and  once  in  the  dilu¬ 
tion  of  I  to  2,000. 

In  striking  contrast  was  the  effect  produced  by  the  dilutions 
made  from  the  10  per  cent,  atoxyl.  In  dilutions  of  i  part  in  1,000 
and  I  in  2,000  the  motility  was  decreased  markedly  after  a  contact 
of  30  minutes,  and  in  two  of  the  three  experiments  the  trypano¬ 
somes  were  completely  immobilized  after  90  minutes’  contact  with 
dilutions  of  i  part  in  4,000.  If  we  look  at  the  figures  printed  in 
heavier  type  we  see  that  in  twenty-four  instances  out  of  a  possible 
twenty-seven,  the  dilutions  of  the  10  per  cent,  atoxyl  showed  more 
toxicity  than  the  corresponding  dilutions  of  the  i  per  cent,  atoxyl. 
In  the  remaining  three  instances  on  account  of  the  greatness  of  the 
dilution  (i  to  4,000)  and  the  shortness  of  the  contact  (30  minutes) 
no  perceptible  effect  on  the  trypanosomes  was  seen  in  the  dilutions 
either  of  the  i  per  cent,  or  of  the  10  per  cent,  solutions. 

Incubation  for  Three  Hours. — Where  the  incubation  of  the  i 
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and  lo  per  cent,  atoxyl  solutions  in  blood  was  for  3  hours  instead 
of  for  I,  the  result  was  quite  different,  as  will  be  seen  in  table  II, 
in  which  the  results  of  three  experiments  are  recorded.  Some  of 
the  dilutions  of  the  10  per  cent,  solution  continued  to  be  more  toxic 
than  those  of  the  i  per  cent,  solution,  but  the  differences  in  the 
toxicity  of  the  dilutions  was  no  longer  great.  In  seven  instances 
the  dilutions  of  the  10  per  cent,  solution  were  more  toxic  than  those 
of  the  I  per  cent,  solution,  but  in  one  instance  a  dilution,  8,000,  of 
the  I  per  cent,  solution  was  more  toxic  than  the  corresponding  dilu¬ 
tion  of  the  10  per  cent,  solution. 


TABLE  II. 


No. 

Method. 

Dilution  8,000. 
Motility  per 
cent. 

Dilution  4.000. 
Motility  per 
cent. 

Dilution  2.000. 
Motility  per 
cent. 

After  contact 
for  min. 

100 

100 

60 

30 

9.96 

A  (1%,  37°.  3  hrs.) 

50 

10 

0 

60 

10 

0 

0 

90 

100 

40 

20 

30 

9-97 

A  (10%,  37°.  3  hrs.) 

so 

10 

0 

60 

10 

0 

0 

90 

100 

100 

so 

30 

9.118 

A  (1%.  37°.  3  hrs.) 

50 

20 

0 

60 

20 

0 

0 

90 

100 

80 

20 

30 

9.119 

A  (10%,  37°,  3  hrs.) 

so 

20 

0 

60 

40 

0 

0 

90 

100 

80 

20 

30 

9.138 

A  (1%.  37°.  3  hrs.) 

30 

10 

0 

60 

0 

0 

0 

90 

100 

20 

0 

30 

9139 

A  (10%,  37°.  3  hrs.) 

30 

0 

0 

60 

0 

0 

0 

90 

If  we  examine  table  II  more  closely  we  note  that  of  the  seven  instances  in 
which  the  dilutions  of  the  10  per  cent,  atoxyl  were  more  toxic  than  those  of  the 
I  per  cent.,  six  were  seen  where  the  contact  with  the  trypanosomes  was  shortest; 
t.  e.,  30  minutes;  that  the  seventh  instance  was  seen  after  a  contact  of  60  min¬ 
utes;  and  that  the  one  instance  in  which  a  dilution  of  the  i  per  cent,  was  more 
toxic  than  the  corresponding  dilution  of  the  10  per  cent,  solution,  was  observed 
after  a  contact  of  90  minutes. 

These  observations  suggested  that  the  10  per  cent,  dilutions  were  probably 
more  toxic  immediately  after  incubation  than  the  i  per  cent,  dilutions,  but  that 
the  1  per  cent,  dilutions  became  correspondingly  more  and  more  toxic  the  longer 
they  were  allowed  to  stand.  If  this  were  really  the  case  the  increased  toxicity 
was  probably  due  to  the  red  blood  corpuscles  continuing  to  act  after  the  incuba- 
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tion  was  over.  This  explanation  seemed  the  more  probable  because  the  number 
of  red  blood  corpuscles  in  the  dilutions  of  the  i  per  cent,  solution  was  ten  times 
as  great  as  those  in  the  lo  per  cent,  solution. 


It  was  easy  to  test  the  influence  which  the  red  blood  corpuscles 
might  exert  after  incubation,  for  the  corpuscles  could  be  removed 
at  once  by  centrifugalization  and  the  corpuscle- free  solutions  could 
be  tested  as  before  and  the  figures  compared.  This  was  done  and 
the  results  after  3  hours’  incubation  are  seen  in  table  III. 


TABLE  III. 


No. 

Method.  I 

i 

Dilution 
8,000. 
Motility 
per  cent. 

Dilution 
4,000. 
Motility 
per  cent. 

Dilution 
2,000. 
Motility 
per  cent. 

After  con¬ 
tact  for  min. 

9.98  ! 

100 

100 

100 

30 

A  (1%.  37°.  3  hrs.) 

CC 

100  1 

100 

60 

60 

100 

70 

10 

90 

i 

100  1 

40 

20 

30 

9-99 

A  (10%.  37°,  3  hrs.) 

CC  i 

60 

10 

s 

60 

10 

0 

0 

90 

100  ! 

,  100 

100 

30 

9.120 

A  (1%,  37°,  3  hrs.) 

CC 

100 

100 

100 

60 

100 

100 

70 

1  90 

100 

1  80 

10 

30 

9.I2I 

A  (10%.  37°,  3  hrs.) 

CC 

80 

'  10 

0 

j  60 

20 

0 

0 

90 

100 

1  100 

100 

30 

9.140 

A  (1%,  37°.  3  hrs.) 

CC 

100 

100 

30 

60 

100 

80 

0 

90 

100 

i  30 

5 

30 

9.I4I 

A  (10%,  37°,  3  hrs.) 

CC 

30 

0 

0 

60 

30 

0 

0 

1 

1 

1 

,  0 

CC  means  clear  centrifugalized  fluid  containing  transformed  atoxyl  but  no 
corpuscles. 

In  table  III  we  note  that  after  3  hours’  incubation  the  10  per  cent,  atoxyl 
dilutions  are  as  much  more  toxic  than  the  i  per  cent,  dilutions,  as  they  were 
found  to  be  in  table  I  when  the  incubation  period  was  only  i  hour.  In  both 
table  I  and  table  III  the  10  per  cent,  solutions  were  in  twenty-four  instances  out 
of  a  possible  twenty-seven  decidedly  more  toxic  than  the  corresponding  dilutions 
of  the  I  per  cent,  solution,  and  in  both  tables  in  three  instances  the  effect  on 
the  trypanosomes  was  too  slight  to  be  detected. 

As  the  results  in  table  II  differ  markedly  from  those  in  table  III,  and  as  the 
removal  of  the  corpuscles  by  centrifugalization  is  the  only  difference  in  the  tech¬ 
nique,  we  conclude  that  it  was  the  corpuscles  in  table  II  which  led  to  the  rela¬ 
tively  increased  toxicity  seen  in  the  dilution  of  the  i  per  cent,  atoxyl. 
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If  the  presence  of  corpuscles  could  give  misleading  results  when 
the  incubation  period  was  3  hours,  it  was  possible  that  they  might 
do  the  same  when  the  incubation  was  for  i  hour.  It  became  de¬ 
sirable  therefore  to  repeat  the  experiments  recorded  in  table  I,  but 
this  time  removing  the  corpuscles  by  centrifugalization  immediately 
after  incubation.  This  was  done  and  the  results  obtained  in  this 
way  are  recorded  in  table  IV. 

TABLE  IV. 


Dilution 

Dilution 

Dilution 

No. 

Method. 

2,000. 

Motility 

1,000, 

500. 

Motility 

Motility 

min. 

per  cent. 

per  cent. 

per  cent. 

100 

100 

100 

30 

9.102 

A  (1%.  37°.  I  hr.) 

CC 

100 

100 

100 

60 

100 

100 

100 

90 

100 

80 

20 

30 

9.103 

A  (10%,  37°,  I  hr.) 

cc 

60 

0 

0 

60 

30 

0 

0 

90 

100 

100 

100 

30 

9.116 

A  (I  %,  37°.  I  hr.) 

CC 

100 

100 

100 

60 

100 

100 

100 

90 

100 

70 

5 

30 

9.II7 

A  (10%,  37°,  I  hr.) 

cc 

70 

10 

0 

60 

30 

0 

0 

90 

100 

100 

100 

30 

9.136 

A  (1%,  37°.  I  hr.) 

cc 

100 

100 

100 

60 

100 

100 

100 

90 

100 

30 

0 

30 

9-137 

A  (10%,  37°,  I  hr.) 

cc 

30 

0 

0 

60 

10 

0 

0 

90 

Table  IV  shows  plainly  that  after  incubation  for  one  hour  and  in  the  absence 
of  all  corpuscles  the  dilutions  of  the  10  per  cent,  atoxyl  were  much  more  than 
10  times  as  toxic  as  the  corresponding  dilutions  of  the  i  per  cent,  atoxyl.  We 
note  that  even  after  90  minutes’  contact  with  trypanosomes  none  of  the  dilutions 
of  the  I  per  cent,  atoxyl  showed  the  slightest  evidence  of  toxicity  in  the  lowest 
dilution  examined,  i ;  500,  whereas  in  all  three  experiments  with  10  per  cent, 
atoxyl  the  parasites  were  completely  immobilized  in  go  minutes  in  dilutions  of 
1 : 1,000. 

It  is  evident  from  the  experiments  here  reported  that  the  strength 
of  the  atoxyl  solution  in  blood  may  have  a  marked  effect  on  the  result. 
If  it  is  desired  to  produce  a  large  quantity  of  transformed  atoxyl  by 
incubating  with  blood  for  only  i  to  3  hours  at  37°  C.,  a  strong 
solution  of  atoxyl  (10  per  cent.)  should  be  chosen  in  preference  to  a 
weaker  one  ( i  per  cent. ) . 
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Suggested  Explanation. — It  may  not  be  out  of  place  to  suggest 
at  this  point  the  explanation  which  seems  to  me  to  account  most 
satisfactorily  for  the  results  here  reported  even  though  this  ex¬ 
planation  cannot  be  said  to  have  been  proved  in  every  particular 
and  is  based  in  part  on  experiments  not  recorded  in  this  paper.  It 
is  as  follows:  Red  blood  cells  transform  atoxyl  and  have  a  strong 
affinity  for  the  transformed  atoxyl.  They  unite,  therefore,  with 
transformed  atoxyl,  the  quantity  with  which  they  can  unite  being 
considerable  but  having  definite  limits.  Not  until  these  limits  have 
been  passed  does  the  fluid  in  which  the  corpuscles  are  suspended 
become  toxic  for  trypanosomes,  for  the  union  of  the  red  blood  cor¬ 
puscles  and  the  transformed  atoxyl  seems  to  be  firm.  Blood  that 
has  bound  as  much  transformed  atoxyl  as  it  can,  continues  for  a 
time  at  least  to  transform  atoxyl,  and  this  transformation  takes 
place  even  at  room  temperature,  although  it  is  faster  at  37°  C. 

Application  to  Tables  I  and  IV. — The  small  toxicity  shown  by 
the  dilutions  of  i  per  cent,  atoxyl  is  due  to  the  fact  that  in  i  hour’s 
incubation  at  37°  not  quite  enough  transformed  atoxyl  is  produced 
to  satisfy  the  red  blood  cells.  If,  however,  these  cells  are  not  re¬ 
moved  from  the  dilutions  (table  I)  they  continue  to  transform  the 
atoxyl  during  the  time  the  dilutions  are  acting  on  the  trypanosomes, 
so  that  after  90  minutes  a  little  free  toxin  is  present.  In  the  case 
of  the  10  per  cent,  solutions  the  transformation  goes  on  more 
rapidly,  and  the  point  at  which  the  corpuscles  cease  to  take  up  trans¬ 
formed  atoxyl  is  reached  sooner.  Thereafter  the  transformed 
atoxyl  remains  in  solution  and  acts  upon  the  trypanosomes.  By  the 
end  of  the  first  hour  there  is  considerable  free  toxin  in  solution. 
As  the  10  per  cent,  solution  produces  more  toxin  than  the  i  per 
cent,  solution,  and  as  all,  or  nearly  all,  the  toxin  produced  by  the  i 
per  cent,  solution  is  taken  up  by  the  corpuscles,  the  10  per  cent, 
solution  appears  to  have  produced  many  times  as  much  transformed 
atoxyl  as  the  i  per  cent.,  although  in  reality  it  may  not  have  pro¬ 
duced  quite  ten  times  as  much. 

This  explanation  should  also  be  borne  in  mind  when  atoxyl  is 
used  in  treatment  of  trypanosome  infections.  If  a  small  do.se  is 
given  it  is  quite  possible  that  all  the  atoxyl  transformed  will  be 
taken  up  by  the  cells  of  the  host  and  that  none  will  be  available  for 


the  trypanosomes.  On  the  other  hand,  a  large  single  dose  may 
prove  very  much  more  toxic  for  the  host  than  two  half  doses,  for 
if  a  single  large  dose  is  given,  the  cells  of  the  body  probably  bind 
what  they  can  of  the  toxin  they  produce  and  the  rest  is  free  to 
poison  the  trypanosomes  and  cells  of  the  host  that  may  have  an 
affinity  for  the  transformed  atoxyl.  If  the  dose  is  divided  and 
given  on  different  days,  the  host  may  on  the  first  day  transform 
half  as  much  as  if  the  full  dose  were  given ;  but  since  the  body  cells 
must  be  satisfied,  the  amount  of  free  toxin  present  will  not  be  half 
of  the  free  toxin  produced  by  the  full  dose.  In  24  hours  we  assume 
that  much  or  all  of  the  transformed  atoxyl  will  be  bound  or  ex¬ 
creted.  When,  therefore,  the  second  half  dose  is  given,  free  toxin 
is  again  produced,  but  much  of  this  will  probably  be  bound  by  the 
body  cells  before  any  will  be  free  in  fluids  which  have  already  lost 
most  or  all  of  the  toxin  produced  when  the  first  half  dose  was  given. 

In  this  connection  Koch’s^  experience  in  Africa  may  be  referred 
to.  At  one  time  Koch  injected  into  his  sleeping  sickness  patients 
doses  varying  from  0.5  of  a  gram  to  i  gram.  In  some  of  the 
patients  that  received  the  larger  doses  Koch  observed  a  symptom  he 
had  never  seen  in  patients  that  had  received  only  0.5  of  a  gram. 
Some  of  those  receiving  the  larger  doses  became  permanently  blind 
in  both  eyes.  As  soon  as  Koch  was  convinced  that  the  blindness 
was  due  to  the  large  doses,  he  reduced  these  to  0.5  of  a  gram  given 
on  two  succeeding  days,  and  he  states  that  no  further  cases  of 
blindness  resulted. 

Before  concluding  the  paper  one  other  point  should  be  mentioned. 
The  four  tables  show  that  leaving  the  corpuscles  in  with  the  atoxyl 
and  transformed  atoxyl  made  a  great  difference  in  the  result  when 
the  dilutions  were  from  the  i  per  cent,  atoxyl  in  blood.  On  the 
other  hand,  the  presence  of  corpuscles  in  the  dilutions  made  from 
the  10  per  cent,  atoxyl  in  blood  did  not  alter  the  result  materially. 
This,  of  course,  is  due  to  the  fact  that  the  corpuscles  were  10  times 
as  numerous  in  the  dilutions  from  the  i  per  cent,  atoxyl  as  they 
were  in  the  dilutions  from  the  10  per  cent,  atoxyl. 

2  Koch,  R.,  Deutsch.  med.  Wchnschr.,  1907,  xxxiii,  1889. 
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SUMMARY. 

1.  lo  per  cent,  atoxyl  in  blood  incubated  at  37°  C.  for  i  hour 
gives  rise  to  a  solution  that  is  much  more  than  ten  times  as  toxic  as 
a  I  per  cent,  solution  of  atoxyl  similarly  incubated. 

2.  When  the  comparison  is  made  after  incubation  for  3  hours 
instead  of  for  i  hour,  the  toxicity  of  the  10  per  cent,  solution  is 
but  slightly  greater  than  ten  times  that  of  the  i  per  cent.,  provided 
the  red  blood  corpuscles  are  not  removed  from  the  dilutions. 

3.  If  the  corpuscles  are  removed  from  both  the  10  per  cent,  and 
the  I  per  cent,  atoxyl  solutions  immediately  after  incubation  at  37° 
for  I  to  3  hours,  the  dilutions  of  the  10  per  cent,  atoxyl  are  much 
more  than  ten  times  as  toxic  as  the  corresponding  dilutions  of  the 
I  per  cent,  atoxyl. 

4.  After  incubation  with  atoxyl  at  37°  for  i  to  3  hours,  red 
blood  corpuscles  left  at  room  temperature  in  dilutions  made  from 
the  10  per  cent,  and  i  per  cent,  solutions  in  blood  increase  markedly 
the  toxicity  of  the  dilutions  made  from  the  i  per  cent,  atoxyl,  but 
increase  very  slightly  the  toxicity  of  the  dilutions  made  from  the 
10  per  cent,  atoxyl. 

5.  If  one  desires  to  produce  a  large  amount  of  transformed  atoxyl 
by  incubating  atoxyl  in  blood  at  37°  for  i  to  3  hours,  strong  solu¬ 
tions  of  atoxyl  should  be  chosen  in  preference  to  weaker  solutions. 


THE  EFFECT  OF  HEAT  ON  THE  TRANSFORMING  AND 
BINDING  POWER  OF  BLOOD 


By  B.  T.  terry,  M.D. 

(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

INTRODUCTION. 

In  1910  Yamanouchi  published  two  papers^’  ®  on  the  action  of 
atoxyl.  In  these  papers  he  pointed  out  that  red  blood  corpuscles 
incubated  with  a  4  per  cent,  solution  of  atoxyl  for  hours  at 
38°  C.  transform  this  medicament  into  a  trypanocidal  substance. 
This  transforming  power  Yamanouchi  found  to  be  thermolabile, 
for  it  was  lost  when  the  blood  was  heated  to  80°  C.  for  30  minutes. 
The  effect  on  blood  of  temperatures  below  80°  C.  or  of  incubation 
periods  shorter  or  longer  than  30  minutes  were  not  reported. 

In  continuing  work  at  The  Rockefeller  Institute  upon  a  problem 
assigned  me  in  the  George  Speyer  House,  Frankfurt  a/M.,  by  Pro¬ 
fessor  Paul  Ehrlich,  I  had  occasion  to  carry  out  experiments  the 
results  of  which  are  in  accord  with  those  of  Yamanouchi  quoted 
above.  My  experiments,  however,  go  further.  They  establish 
more  exactly  the  temperature  at  which  the  transforming  power  of 
blood  is  lost  and  show  in  addition  the  effect  heat  has  upon  the  bind¬ 
ing  power  of  blood. 

TECHNIQUE. 

Defibrinated  rabbit  blood  was  used  in  all  the  experiments.  To  obtain  trans¬ 
formed  atoxyl  I  to  10  per  cent,  atoxyl  was  dissolved  in  blood  and  the  blood  was 
placed  in  small  sterile  bottles  holding  about  2  c.c.  each.  The  bottles  were  then 
closed  tightly  with  corks  which  had  been  impregnated  by  immersing  for  a  few 
seconds  in  paraffin  heated  to  200°  to  210°  C.  As  soon  as  the  corks  cooled  they 
were  inserted  in  the  mouths  of  the  bottles  and  were  fastened  there  securely  by 
means  of  fine  copper  wire.  The  bottles  were  then  immersed  in  a  large  quantity 
of  water  kept  accurately  at  37°  C.  They  were  shaken  vigorously  under  water 
for  3  minutes  and  then  were  allowed  to  remain  at  rest  under  water  for  2  hours 

*  Received  for  publication,  December  30,  1914. 

1  Some  of  the  points  given  in  detail  in  this  paper  were  summarized  in  a  paper 
that  appeared  in  1913  (Terry,  B.  T.,  Jour.  Pharmacol,  and  Exper.  Therap.,  1913, 
iv,  361). 

2  Yamanouchi,  T.,  Compt.  rend.  Soc.  de  biol.,  1910,  Ixviii,  120. 

®  Yamanouchi,  Ueber  die  Wirkung  des  Atoxyls  auf  Trypanosomen  im  Or- 
ganismus,  Paris,  1910. 
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and  57  minutes.  The  bottles  were  then  removed  from  the  warm  water,  cooled 
in  tap  water,  and  a  number  of  dilutions  were  made  with  sterile  0.9  per  cent,  salt 
solution.  Small  volumes  of  these  dilutions,  0.5  c.c.  usually,  were  then  tested  by 
adding  to  them  an  equal  volume  of  a  trypanosome  suspension  in  serum.  Trypa¬ 
nosoma  brticei  (goat  normal  passage  iii),  obtained  through  the  kindness  of  Pro¬ 
fessor  Ehrlich,  was  used  in  all  these  experiments.  In  making  the  suspension  a 
richly  infected  mouse  was  bled  into  10  to  15  c.c.  of  sterile  filtered  cattle  serum, 
the  serum  was  centrifugalized  sufficiently  to  throw  down  the  red  blood  cells,  but 
not  the  trypanosomes.  By  means  of  a  blood  counter  the  serum  suspension  was 
made  to  contain  the  standard  number  of  trypanosomes;  i.  e.,  50  in  a  volume 
1/4  by  1/4  by  i/io  mm.  In  all  instances  in  which  the  effect  of  varying  temperatures 
upon  blood  was  studied,  the  blood  was  heated  by  immersing  the  bottles  containing 
it  in  water  heated  to  the  requisite  temperature.  Time  was  not  counted  until  a 
thermometer  in  a  control  bottle  showed  that  the  temperature  desired  had  been 
reached  in  this  bottle.  Before  heating  blood  to  temperatures  which  caused  it  to 
coagulate,  it  was  usually  diluted  to  prevent  the  formation  of  a  firm  clot. 

In  these  experiments  the  thermometer  employed  for  temperatures  below  60° 
C.  was  very  sensitive  and  agreed  closely  with  a  number  of  other  good  thermome¬ 
ters,  but  had  not  been  specially  corrected.  It  registered  only  62°  C.  and  each 
degree  was  divided  in  tenths.  With  a  hand  lens  it  was  easy  to  read  1/20  of  a 
degree.  For  temperatures  above  60°  C.  other  thermometers  that  registered  higher 
were  employed. 

Recording  Motility. — The  effect  of  the  various  dilutions  on  the  trypanosomes 
was  recorded  in  percentages  of  motility,  100  per  cent,  meaning  that  the  motility 
of  the  organisms  was  not  influenced,  0  per  cent,  that  all  the  trypanosomes  had 
been  immobilized.  Intermediate  percentages  indicate  intermediate  degrees  of  in¬ 
fluence,  these  being  recorded  after  referring  to  a  table  that  I  had  prepared  to 
facilitate  and  make  uniform  the  estimation  of  these  percentages.  As  the  influ¬ 
ence  exerted  depended  upon  the  length  of  time  that  the  toxic  solution  had  been 
in  contact  with  the  trypanosomes,  the  number  of  minutes’  contact  is  indicated  in 
each  table.  The  dilutions  recorded  are  in  all  cases  end  dilutions;  that  is,  the 
dilution  of  atoxyl  which  resulted  after  the  addition  of  the  trypanosomes.  In 
estimating  the  dilution  no  allowance  could  be  made  for  the  atoxyl  which  was 
converted  into  transformed  atoxyl  during  the  incubation.  For  example,  the 
dilution  i ;  1,000  means  that  the  original  10  per  cent,  atoxyl  in  blood  was  diluted 
50  times  with  salt  solution,  making  an  atoxyl  dilution  of  1:500,  and  that  then 
I  volume  of  this  solution  was  added  to  an  equal  volume  of  a  trypanosome  sus¬ 
pension,  making  an  end  dilution  of  i :  1,000. 

General  Plan. — In  studying  the  effect  of  heat  upon  the  trans¬ 
forming  power  of  blood,  comparatively  low  temperatures  were  first 
employed.  When  these  were  found  to  have  no  effect,  higher  tem¬ 
peratures  were  tried  until  temperatures  were  found  which  destroyed 
the  transforming  power  of  blood.  The  interval  between  the  tem¬ 
peratures  that  had  no  effect  and  the  temperatures  that  destroyed 
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the  transforming  power  were  then  studied  to  determine  more 
exactly  the  lowest  temperature  that  would  destroy  this  power. 

37°  and  50°  C. — Blood  heated  to  37°  C.  and  to  50°  C.  for  half 
an  hour  before  being  incubated  with  atoxyl  showed  no  perceptible 
alteration  in  its  transforming  power. 


TABLE  I. 


No. 

Method. 

Dilution 

xoo. 

Dilution 

300. 

Dilution 

1,000. 

Dilution 

3,000. 

Trans-  j 
forming  i 
agent. 

Preliminary 

heat. 

Incubation. 

Motility 
per  cent. 

Min. 

Motility 
per  cent. 

Min. 

Motility 
per  cent. 

e 

i 

Motility 
per  cent. 

G 

5-84 

Blood  ’ 

37°,  30  min. 

A  (5%.  37°.  3  hrs.) 

0  1 

18 

0 

26 

0 

55 

84 

S.8S 

Blood  ' 

50°,  30  min. 

A  (s%,  37°,  3  hrs.) 

0 

18 

0 

1  26 

0 

ss 

0  1 

84 

5-90 

to 

S-9S 

Blood 

$0°,  30  min. 

! 

I  A  (5%,  37°,  3  hrs.) 

i 

0 

16 

0 

1 

22 

i 

0 

66 

8 

70 

5-90 

to 

5-95 

Blood 

No  prelim- 
1  inary  heat 

A  (5%.  37®.  3  hrs.) 

i 

0 

16 

0 

22 

0 

66 

8 

70 

A  Is  the  abbreviation  for  atoxyl. 

From  table  I  we  see  that  a  sample  of  blood  heated  to  37°  for  30  minutes  be¬ 
haved  exactly  like  a  sample  heated  to  50°  for  30  minutes;  and  another  sample 
heated  to  50°  for  30  minutes  behaved  like  a  sample  that  had  not  been  heated  at 
all.  The  trypanosomes  were  completely  immobilized  in  all  dilutions  except  the 
one  corresponding  to  i  part  of  atoxyl  in  3,000.  Here  after  70  minutes  the  trypa¬ 
nosomes  in  two  samples  were  8  per  cent,  motile.  In  two  other  samples  of  the 
same  dilution  all  the  trypanosomes  were  immobilized  after  a  contact  of  84  minutes. 

55°  C.  and  Higher  Temperatures. — Blood  heated  to  55°  C.,  57° 
C.,  and  60°  C.  for  30  minutes  before  it  was  incubated  with  atoxyl 
lost  most  of  its  transforming  power.  This  is  shown  in  table  II. 

In  table  II  we  see  that  blood  heated  preliminarily  to  55°  C.,  57°  C.,  and  60°  C. 
transformed  atoxyl  so  little  when  subsequently  incubated  with  it  that  in  a  dilu¬ 
tion  of  I  in  1,000  no  action  was  seen  on  trypanosomes  even  after  66  to  86  minutes’ 
contact.  On  the  other  hand,  the  transforming  power  of  the  blood  that  was  not 
heated  preliminarily  was  so  great  that  all  the  trypanosomes  were  immobilized  in 
dilutions  of  atoxyl  equal  to  i  in  1,000,  and  in  the  dilution  i  in  3,000  the  organisms 
were  only  8  per  cent,  motile  after  70  minutes’  contact.  We  note  in  the  table, 
however,  that  the  heated  blood  did  not  lose  all  its  transforming  power,  for  we 
see  that  the  trypanosomes  were  distinctly  influenced  in  the  stronger  dilutions. 
For  example,  the  trypanosomes  were  28  to  51  per  cent,  motile  in  two  dilutions 
of  atoxyl  corresponding  to  i  part  in  300,  and  in  the  stronger  dilutions  of  i  in  100 
the  influence  of  the  residual  transforming  power  was  still  more  obvious. 
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TABLE  11. 


Method, 

Dilution 

100. 

Dilution 

300. 

Dilution 

1,000. 

Dilution 

3,000. 

No. 

Trans¬ 

forming 

agent. 

Preliminary 

heat. 

Incubation. 

Motility 
per  cent. 

G 

S 

Motility 
per  cent. 

. 

.9 

Motility 
per  cent. 

.9 

A 

Motility 
per  cent. 

a 

2 

5-86 

Blood 

55°,  30  min. 

A  (5%,  37°.  3  hrs.) 

8 

80 

100 

8s 

100 

86 

100 

88 

5-90 

to 

5-95 

Blood 

55°,  30  min. 

A  (5%.  37°.  3  hrs.) 

8 

so 

51 

60 

100 

66 

100 

70 

S-90 

to 

5-95 

Blood 

57°,  30  min. 

A  (5%.  37°.  3  hrs.) 

3 

63 

28 

64 

100 

66 

100 

72 

5.87 

Blood 

60°,  30  min. 

A  (5%.  37°.  3  hrs.) 

0 

80 

100 

8S 

100 

86 

100 

88 

5-90 

to 

5-95 

Blood 

Control  not 
heated  pre¬ 
liminarily 

A  (5%.  37°.  3  hrs.) 

0 

50 

0 

60 

0 

66 

8 

70 

The  interval  between  50°  C.  and  55°  C.  was  next  studied.  Blood 
was  heated  at  51°  C,  53°  C.,  and  55°  C.  for  30  minutes,  and  at 
55°  C.  also  for  15  minutes  and  for  7  minutes.  All  samples,  in¬ 
cluding  one  that  had  not  been  heated  at  all,  were  then  tested  for 
their  transforming  power  by  making  in  each  a  5  per  cent,  solution 
of  atoxyl  and  incubating  for  3  hours  at  37°.  The  result  of  this 
experiment  is  shown  in  table  III- 


TABLE  III. 


No. 

Method. 

Dilution 

500. 

Dilution 

1,000. 

Dilution 

2,000. 

Dilution 

4,000. 

Trans¬ 

forming 

agent. 

Preliminary 

heat. 

Incubation. 

Motility 
per  cent. 

.9 

2 

Motility 
per  cent. 

Min. 

Motility 
per  cent. 

Min. 

Motility 
per  cent. 

.9 

2 

5.102 

to 

S-I05 

Blood 

51°,  30  min. 

A  (5%,  37°.  3  hrs.) 

i 

0 

39 

0 

1 

S2 

4 

S4 

S8 

60 

5.102 

to 

S-I05 

1 

Blood 

55°,  7  min. 

A  (5%.  37°.  3  hrs.) 

1 

0 

1 

1  39 

i 

14 

S4 

4 

1  54 

84 

60 

5.102 

to 

S105 

Blood 

53°,  30  min. 

A  (5%.  37°.  3  hrs.) 

0 

1 

39 

7 

S4 

16 

54 

93 

60 

S.102 

to 

S-I05 

Blood 

1 

j  55°,  15  min. 

A  (5%.  37°.  3  hrs.) 

0 

39 

i 

2S 

1 

;  54 

72 

S4 

100 

60 

5.102 

to 

S-I05 

Blood 

5S°.  30  min. 

A  (5%.  37°.  3  hrs.) 

i 

100 

i  39 

1 

100 

i 

S3 

100 

1 

1  S4 

100 

60 

5.102 

to 

S-I05 

Blood 

Con¬ 

trol 

i 

j  None 

A  (5%.  37°.  3  hrs.) 

i 

i  ° 

39 

7 

1 

I5. 

2 

!  54 

i 

48 

60 
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We  see  in  table  III  that  51°  C.  for  30  minutes  had  scarcely  a  perceptible  effect 
on  the  transforming  power,  for  the  result  resembles  very  closely  that  of  the 
unheated  control  blood.  We  note  also  that  55°  for  7  minutes  had  a  slight  effect; 
that  53°  for  30  minutes  was  more  injurious;  that  55°  for  15  minutes  was  still 
more  injurious;  and  that  55°  for  30  minutes  was  the  most  injurious  of  all. 

In  the  experiment  just  described  the  greatest  change  caused  by 
heating  for  30  minutes  was  produced  by  temperatures  between  53° 
C.  and  55°  C.  This  interval  was  therefore  studied  again,  the  heat¬ 
ing  being  prolonged  in  some  instances  to  60  minutes. 

It  was  found  that  53°  for  one  hour  apparently  destroyed  the 
transforming  power  of  blood  completely,  but  heating  at  53°  for 
30  minutes  was  much  less  effective.  Between  53°  and  54°  for  60 
minutes  and  55°  for  30  minutes  no  difference  was  seen. 

In  another  experiment  53°  for  60  minutes  destroyed  almost  but 
not  quite  all  the  transforming  power  of  blood. 

We  may  summarize  the  effect  of  the  various  temperatures  and 
intervals  thus  far  studied  as  follows :  when  the  heating  was  for  60 
minutes,  54°  C.  seemed  to  destroy  all  the  transforming  power;  but 
when  the  heating  was  for  30  minutes,  55°  C.  apparently  destroyed 
nearly  all  this  power;  52°  to  54°  C.,  correspondingly  less;  51°, 
almost  none;  and  50°,  none. 

Higher  Temperatures. — Temperatures  of  70°  and  100°  de¬ 
stroyed  the  transforming  power  of  blood  more  rapidly,  as  will  be 
seen  in  table  IV. 

T.\BLE  IV. 


Method. 

i 

1 

Dilution 
_4o._  _ 

Dilution 

120. 

Dilution 

360. 

Dilution 

3,240. 

No.  ! 

Trans-  j 
forming, 
agent,  j 

Dilu¬ 

tion 

before 

heat¬ 

ing. 

Preliminary 
,  heat. 

Incubation. 

Motility 
per  cent. 

Min. 

Motility 
per  cent. 

c 

Motility 
per  cent. 

Min. 

Motility 
per  cent. 

;  d 

s 

7.65  Blood 

10 

j  70°,  10  min. 

A  (s%.  37°.  3  hrs.) 

23 

II7 

i  89 

117 

100  i 

118 

100 

1 13 

7.66 

Blood 

j 

■  0 

j  100°,  10  min. 

1 

1 

A  (5%,  37®,  3  hrs.) 

Too 
little  to 
i  test 

100 

122 

100 

122 

100 

120 

7.67 

Blood 

■  10 

100°,  10  min. 

'  A  (5%,  37®,  3  hrs.) 

lioo 

|I28 

100 

128 

100 

128 

100 

124 

7.68 

Blood 

10 

I  No  heat 

A  (s%.  37®,  3  hrs.) 

0 

1  40 

1  0 

j_40 

0 

41 

0 

Blood  heated  preliminarily  to  70°  C.  for  10  minutes  lost  nearly  all  its  trans¬ 
forming  power,  and  blood  heated  to  100°  for  10  minutes  seemingly  lost  all  its 
transforming  power.  This  result  was  obtained  repeatedly. 
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HEAT  SUBSEQUENT  TO  INCUBATION. 

The  experiments  thus  far  recorded  have  dealt  with  the  effect  on 
blood  of  heat  applied  before  the  blood  had  been  incubated  with 
atoxyl.  Other  experiments  were  made  to  determine  the  effect  of 
heat  on  blood  after  it  had  been  incubated  with  atoxyl,  and  in  the 
course  of  these  experiments  several  interesting  facts  were  revealed, 
for  it  was  found  that  as  the  heat  increased  the  toxicity  of  the  trans¬ 
formed  atoxyl  for  trypanosomes  varied  in  an  unexpected  manner. 
With  lower  temperatures  the  toxicity  increased  as  the  temperature 
was  raised.  When  certain  temperatures  were  reached,  however, 
the  toxicity  began  to  decrease,  and  at  one  temperature  disappeared 
almost  completely.  As  the  temperature  was  raised  still  higher, 
however,  the  toxicity  began  to  return,  and  at  ioo°  C.  the  solution 
was  almost  as  toxic  as  it  had  been  immediately  after  the  initial  in¬ 
cubation  at  37°  for  3  hours.  The  experiments  showing  these 
changes  will  now  be  given. 

Rabbit  blood  was  incubated  with  10  per  cent,  atoxyl  for  3  hours 
at  37°  C.  It  was  then  diluted  five  times  with  salt  solution  to  pre¬ 
vent  the  formation  of  firm  clots  during  the  subsequent  heating,  and 
was  divided  into  a  number  of  samples.  One  of  them,  kept  as  a 
control,  was  heated  no  further.  The  other  samples  were  heated 
for  10  minutes  each  to  a  different  temperature,  50°,  56°,  60°,  70°, 
80°,  90°,  and  100°  C.  Each  sample  was  then  diluted  so  that  its 
comparative  toxicity  for  trypanosomes  could  be  determined.  The 
result  is  shown  in  table  V. 

From  table  V  we  see  that  heating  the  blood  to  50°  for  10  minutes  subsequent 
to  incubation  with  atoxyl  increased  its  toxicity  for  trypanosomes,  for  in  the 
atoxyl  dilution  of  i  part  in  8,ioo  the  trypanosomes  were  20  per  cent,  motile  after 
60  minutes’  contact,  and  only  lo  per  cent,  motile  after  90  minutes’  contact.  In 
the  same  dilution  of  unheated  blood  the  trypanosomes  were  100  per  cent,  motile 
after  60  minutes’  and  20  per  cent,  motile  after  90  minutes’  contact. 

We  see  also  in  table  V  that  the  blood  heated  to  56°  C.  was  more  toxic  than 
that  heated  to  50°  C.,  but  that  the  sample  heated  to  60°  C.  for  10  minutes  was 
less  toxic,  being  about  as  toxic  as  the  sample  heated  to  50°  for  10  minutes. 
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1 

No.  1  Method  of  transforming  atoxyl. 

Subsequent 

heat. 

Dilution 

8,100. 

Dilution 

2,700. 

Dilution 

900. 

Dilution 

300. 

Motility 
per  cent. 

Min. 

Motility 
per  cent. 

Min. 

Motility 
per  cent. 

Min. 

Motility 
per  cent. 

Min. 

100 

30 

60 

30 

0 

30 

0 

30 

9.54  Blood +A  (10%,  37®,  3  hrs.) 

None  1 

100  I 

60 

0 

60 

0 

60 

0  ; 

60 

20 

90 

j 

100 

30 

20 

30 

0 

30 

0 

30 

9.55  Blood+A(io%,  37°,  3hrs.) 

SO®,  10  min.  j 

20 

60 

0 

60 

0 

60 

0  ■ 

60 

! 

90 

so 

30 

0 

30 

0 

30 

0 

30 

9.56  Blood+A(io%,  37°,  3hrs.) 

56°,  10  min. 

10 

60 

0 

60 

0 

1  60 

0  i 

60 

0 

90 

100 

30 

10 

30 

0 

1  30 

0  ; 

30 

9.57  Blood+A(io%,  37°,  3hrs.) 

60°,  10  min. 

30 

60 

0 

60 

0 

60 

0 

60 

i  10 

90 

1 

1  100 

30 

100 

30 

100  1 

30 

100 

30 

9.58  Blood+A(io%,  37°,  3hrs.) 

70°,  10  min. 

1  100 

60 

100 

60 

100 

60 

100 

[do 

100 

90 

1 

100 

30 

100 

30 

100 

30 

100 

30 

9.59  Blood+A(io%,  37°,  3hrs.) 

80®,  10  min. 

100 

60 

100 

60 

100 

60 

80 

60 

100 

90 

1  100 

30 

100 

30 

100 

30 

5 

30 

9.60  Blood +A  (10%,  37°,  3  hrs.) 

90°,  10  min. 

100 

60 

100 

60 

20 

60 

0 

60 

!  100 

90 

100 

30 

100 

30 

50 

30 

0 

30 

9.61  Blood +A  (10%,  37°,  3  hrs.) 

100®,  10  min. 

1  100 

60 

80 

60 

0 

60 

0 

60 

100 

90 

i 

In  table  V  the  decrease  in  toxicity  caused  by  heating  the  blood  subsequent  to 
incubation  is  strikingly  shown  after  heating  to  70°  C.,  for  the  trypanosomes 
brought  in  contact  with  the  sample  heated  to  this  temperature  for  10  minutes 
remained  100  per  cent,  motile  even  after  contact  for  60  minutes  in  a  dilution  of 
atoxyl  corresponding  to  i  in  300. 

Heating  to  80°  C.  left  the  sample  a  little  more  toxic  than  heating  it  to  70°  C., 
for  we  note  in  the  atoxyl  dilution  of  i  in  300  that  after  60  minutes’  contact  the 
trypanosomes  were  but  80  per  cent,  motile  instead  of  100.  Heating  to  80°  C. 
caused,  therefore,  the  return  of  a  slight  amount  of  toxicity.  Heating  to  90®  C. 
caused  the  return  of  more  of  the  toxicity,  and  heating  to  100®  C.  caused  the 
return  of  still  more;  for  we  see  in  table  V  that  after  heating  to  100®  C.  for  10 
minutes  all  the  parasites  were  immobilized  in  an  atoxyl  dilution  of  i  in  900  after 
contact  for  60  minutes. 

The  effects  in  table  V  which  interested  me  most  were  produced  by  heating  to 
70®  C.  and  to  100®  C.  These  temperatures  were  employed,  therefore,  in  a  number 
of  similar  experiments,  and  in  all  of  them  it  was  found  that  heating  to  70®  C. 
caused  the  toxic  substance  to  decrease  greatly,  while  heating  to  100°  C.  caused 
the  toxicity  of  the  solution  in  blood  to  return  more  or  less  completely. 
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Suggested  Explanation. — Blood  incubated  at  37°  C.  with  i  to  10 
per  cent,  atoxyl  transforms  this  medicament  in  part  into  a  trypano¬ 
cidal  substance.  Some  of  the  trypanocidal  substance  is  bound  by 
the  red  blood  cells  (this  seems  evident  from  experiments  not  re¬ 
ported  in  this  paper),  but  some  of  it  remains  free  and  is  detected 
when  trypanosomes  are  added  to  the  solution.  When  blood  is  in¬ 
cubated  with  atoxyl  at  37°  C.  a  double  process  goes  on;  atoxyl  is 
transformed  and  transformed  atoxyl  is  bound.  The  double  process 
continues  as  the  temperature  is  raised,  but  in  most  experiments 
the  transforming  process  is  the  more  prominent,  for  an  increase  in 
toxicity  is  noted  as  the  temperature  is  raised.  When  the  tempera¬ 
ture  reaches  54°  to  56°  C.,  however,  the  transforming  process  soon 
ceases  and  at  60°  C.  the  binding  process  makes  itself  evident. 

At  about  70°  C.  the  binding  process  reaches  its  maximum  and 
the  blood  takes  up  most  of  the  toxin  in  solution.  At  higher  tem¬ 
peratures  (or,  as  we  shall  soon  see,  on  prolonged  heating  at  70°  C.) 
a  third,  or  liberating,  process  begins,  the  transforming  and  binding 
processes  being  no  longer  operative.  The  blood  therefore  begins  to 
give  up  the  toxin  it  has  bound,  and  at  100°  C.  most  of  the  toxin  is 
free  again. 

Prolonged  Heating. — When  blood  that  had  been  incubated  at 
37°  C.  for  3  hours  with  atoxyl  was  subsequently  heated  to  70° 
and  to  100°  for  30  minutes  instead  of  for  10  minutes,  it  was  found 
that  both  samples  were  more  toxic  than  similar  samples  heated  for 
10  minutes.  Even  at  70°  the  prolonged  heating  evidently  liberated 
some  of  the  toxin  and  at  100°  C.  for  30  minutes,  freed  all  or  nearly 
all  the  toxin. 

As  controls  on  the  experiments  in  which  blood  incubated  with 
atoxyl  was  subsequently  heated  to  100°  for  10  and  for  30  minutes, 
blood  alone  and  atoxyl  alone  were  heated  to  100°  for  10  and  for 
30  minutes  and  tested  with  trypanosomes.  These  experiments 
showed  that  the  heating  separately  of  blood  and  atoxyl  to  100°  for 
10  and  for  30  minutes  did  not  make  either  of  them  toxic. 

The  power  of  blood  to  take  up  and  bind  transformed  atoxyl  on 
being  heated  to  70°  C.  for  10  minutes  in  its  presence  is  apparently 
completely  lost  when  blood  is  heated  to  100°  for  10  minutes.  In 
one  experiment  blood  that  had  been  incubated  with  10  per  cent. 
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atoxyl  at  37°  for  3  hours  was  diluted  five  times  with  salt  solution. 
One  sample  of  this  was  heated  first  to  100°  for  10  minutes,  and  soon 
afterwards  was  heated  to  70°  for  10  minutes.  The  toxicity  of  this 
heated  sample  and  the  toxicity  of  an  unheated  sample  are  shown  in 
table  VI. 


TABLE  VI. 


No. 

Method, 

Dilution 

8,100. 

Dilution 

2,700. 

Dilution 

900. 

Motility 
per  cent. 

cs 

ii 

Motility 
per  cent. 

.s 

Motility 
per  cent. 

c 

i 

9*23 

9.22 

Blood 

A  (10%,  37°,  3  hrs.) 

Dilution 

i:S 

100°,  10  min.  70°,  10  min. 

CC 

100 

100 

60 

30 

60 

90 

20 

S 

5 

30 

60 

90 

10 

0 

0 

30 

60 

90 

Blood 

A  (10%,  37°,  3  hrs.) 

Dilution 

I  :  5 

Not  heated  Not  heated 
subsequently  |  subsequently 

CC 

100 

50 

30 

30 

60 

90 

10 

5 

0 

30 

60 

90 

0 

0 

0 

30 

60 

90 

In  this  and  the  following  tables  CC  means  clear  centrifugalized  fluid  con¬ 
taining  transformed  atoxyl  but  no  corpuscles. 

From  table  VI  we  see  that  the  sample  heated  subsequently  to  100°  for  10 
minutes  and  then  to  70°  for  10  minutes  was  almost  as  toxic  as  the  unheated 
sample.  The  slight  difference  is  probably  due  to  the  fact  that  heating  to  100° 
for  10  minutes  does  not  usually  suffice  to  free  all  the  toxic  substance. 


Transformed  Atoxyl  Enters  Corpuscles. — Transformed  atoxyl 
produced  by  incubating  blood  with  atoxyl  at  37°  for  3  hours  enters 
the  blood  corpuscles  when  the  blood  is  heated  in  its  presence  to  70° 
for  10  minutes.  This  is  shown  by  the  fact  that  on  heating  the  blood 
and  then  centrifugalizing  it  the  fluid  above  the  corpuscles  loses  its 
toxicity  and  does  not  regain  it  if  it  is  separated  from  the  corpuscles 
and  is  then  heated  to  100°  for  20  minutes.  The  corpuscles,  on  the 
other  hand,  if  brought  into  contact  with  fresh  salt  solution,  make 
this  quite  toxic  for  trypanosomes,  if  while  in  contact  with  it  they 
are  heated  to  100°  for  20  minutes.  In  table  VII  i  per  cent,  atoxyl 
was  used  instead  of  10  per  cent.  The  reason  will  soon  be  apparent. 


276 


Effect  of  Heat  on  Binding  Power  of  Blood. 

TABLE  VII. 


Dilution 

Dilution 

3.000. 

1,000. 

No. 

Method. 

>v*; 

*i  a 

0  u 

ss. 

s 

Motil 
per  ce 

.Min 

9-39 

Blood 

A  (1%,  37°.  3  hrs.) 

Dilution 

70°,  10  min. 

CSS 

100°,  20  min. 

CC 

100 

20 

30 

60 

5  30 

0  60 

10 

90 

0  90 

9-38 

Blood 

A  (1%,  37°.  3  hrs.) 

Dilution 

70°,  10  min. 

CC 

100®,  20  min. 

CC 

100 

100 

0  0 

100  30 
100  60 

100 

90 

100  90 

CSS  means  corpuscles  suspended  in  salt  solution  after  being  separated  from 
the  solution  of  transformed  atoxyl. 

From  table  VII  we  see  that  the  corpuscles  heated  to  ioo°  C.  for  20  minutes 
rendered  the  salt  solution  quite  toxic,  for  all  of  the  trypanosomes  were  immo¬ 
bilized  in  60  minutes  in  an  atoxyl  dilution  of  i  to  1,000,  and  in  90  minutes  were 
almost  immobilized  (10  per  cent.)  in  a  dilution  of  i  in  3,000.  On  the  other  hand, 
the  supernatant  fluid  remained  non-toxic  in  the  same  dilutions. 

Laked  Blood  Binds  Transformed  Atoxyl. — The  reason  that  i 
per  cent,  atoxyl  was  used  instead  of  10  per  cent,  in  the  last  experi¬ 
ment  is  that  blood  is  partially  laked  during  its  incubation  at  37°  C. 
for  3  hours  with  10  per  cent,  atoxyl,  and  under  the  influence  of  the 
proper  temperature  laked  blood,  like  unlaked  blood,  can  be  made  to 
take  up,  or  to  free,  transformed  atoxyl.  This  is  shown  in  table 
VIII. 

TABLE  VIII. 


No. 

Method, 

Dilution  2, 70 
Motility  per  ce 

Dilution  900 
Motility  per  ce 

Dilution  300 
Motility  per  cei 

Dilution  100 
Motility  per  cei 

After  contac 
for  min. 

00 

00 

4^ 

Blood 

A  (10%.  37°,  3  hrs.) 

Dilution 

I  :  S 

CC 

Control  not 

subsequently 

heated 

40 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

30 

60 

90 

8.190 

Blood 

A  (10%,  37°,  3  hrs.) 

Dilution 

I  :  5 

CC 

70°,  10  min. 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

20 

30 

60 

90 

8.191 

Blood 

A  (10%.  37°,  3  hrs.) 

Dilution 

I  :  5 

CC 

70°,  30  min. 

100 

100 

100 

100 

100 

100 

100 

40 

10 

60 

5 

0 

30 

60 

90 

8.192 

Blood 

A  (10%,  37°,  3  hrs.) 

Dilution 

I  :  5 

CC 

100®,  10  min. 

100 

20 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

30 

60 

90 

8.194 

Blood 

A  (10%,  37°,  3  hrs.) 

Dilution 

I  :  5 

CC 

100°,  30  min. 

10  0 

0  0 

0  '  0 

0 

0 

0 

0 

0 

0 

30 

60 

90 
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From  table  VIII  we  see  that  after  partial  laking  of  the  red  blood  corpuscles 
the  supernatant  fluid  was  quite  toxic ;  that  heating  this  fluid  to  70°  for  to  minutes 
caused  nearly  all  the  toxicity  to  disappear;  and  that  heating  it  to  100°  for  10 
minutes  caused  almost  all  the  toxicity  to  reappear.  The  solutions  heated  for  30 
minutes  were  more  toxic  than  those  heated  for  10  minutes. 

Concentrating  the  Transformed  Atoxyl. — As  transformed  atoxyl 
enters  the  red  blood  corpuscles  on  being  heated  with  them  to  70° 
for  10  minutes,  it  seemed  probable  that  this  fact  might  be  utilized 
to  concentrate  the  toxic  substance.  In  an  experiment  to  test  this 
point  blood  was  first  incubated  with  5  per  cent,  atoxyl  for  3  hours 
at  37°.  It  was  then  diluted  times  with  salt  solution  and  one 
part  was  heated  to  70°  for  10  minutes,  was  centrifugalized,  the 
supernatant  fluid  was  poured  off,  and  a  small  quantity  of  fresh  salt 
solution  (3.5  cubic  centimeters)  was  added  to  the  corpuscles  which 
were  then  heated  to  100°  for  30  minutes.  The  supernatant  fluid 
which  had  been  poured  off  and  blood  that  had  not  been  heated  sub¬ 
sequently  were  tested  as  controls.  The  result  is  shown  in  table  IX. 

SUMMARY. 

1.  The  transforming  power  of  red  blood  cells  for  atoxyl  is  ap¬ 
parently  uninfluenced  by  a  preliminary  heating  of  the  blood  for  30 
minutes  at  50°  C.,  but  a  temperature  of  55°  C.  acting  for  30 
minutes  destroys  this  property  of  blood  almost  completely. 

2.  When  the  heating  was  for  60  minutes,  54°  C.  and  higher 
temperatures  apparently  destroyed  all  the  transforming  power. 

3.  After  heating  for  10  minutes,  70°  C.  destroyed  almost  all  the 
transforming  power,  and  100°  C.  seemingly  destroyed  all. 

4.  Under  the  influence  of  certain  temperatures  blood  seemingly 
binds  transformed  atoxyl,  and  under  the  influence  of  other  tem¬ 
peratures  frees  it  again.  A  temperature  of  70°  C.  for  10  minutes 
applied  to  blood  subsequent  to  its  incubation  with  atoxyl  causes 
nearly  all  the  toxicity  of  the  solution  to  disappear.  On  the  other 
hand,  a  temperature  of  100°  C.  for  10  minutes  applied  to  blood 
subsequent  to  incubation  with  atoxyl  leaves  the  solution  almost  as 
toxic  as  if  the  blood  had  not  been  heated  at  all  after  the  incubation. 

5.  Some  of  the  transformed  atoxyl  bound  by  blood  when  it  is 
heated  to  70°  C.  for  10  minutes  is  freed  if  the  heating  at  70°  C.  is 
prolonged  to  30  minutes. 
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6.  Blood  which  has  bound  transformed  atoxyl  gives  up  most, 
but  not  all,  of  this  toxic  substance  when  heated  to  ioo°  for  lo 
minutes.  All,  or  nearly  all,  is  freed  when  the  heating  at  ioo°  C.  is 
continued  for  30  minutes. 

7.  Under  the  influence  of  70°  C.  for  10  minutes  transformed 
atoxyl  may  be  made  to  enter  blood  corpuscles,  for  the  fluid  above 
these  corpuscles  is  rendered  non-toxic  and  does  not  become  toxic 
again  when  heated  to  100°  for  20  minutes,  provided  it  contains  no 
laked  blood.  The  blood  corpuscles,  on  the  other  hand,  when  heated 
to  100°  for  20  minutes  in  contact  with  fresh  salt  solution,  make 
this  solution  quite  toxic. 

8.  Laked  blood  in  contact  with  transformed  atoxyl  behaves  like 
unlaked  blood  when  heated  to  70°  C.  and  to  100°  C.  for  10  to  30 
minutes. 

9.  The  toxic  substance  can  be  concentrated  by  heating  the  blood 
corpuscles  in  contact  with  transformed  atoxyl  to  70°  C.  for  10 
minutes,  centrifugalizing,  removing  a  large  part  of  the  supernatant 
fluid,  and  then  heating  to  100°  C.  for  30  minutes. 

10.  The  power  of  blood  to  take  up  and  bind  transformed  atoxyl 
is  destroyed  apparently  completely  by  heating  blood  to  100°  C.  for 
10  minutes. 

11.  The  toxic  substance  into  which  atoxyl  is  transformed  (trans¬ 
formed  atoxyl)  is  thermostabile,  but  the  transforming  agent  in 
blood  is  thermolabile. 


THE  INFLUENCE  OF  THE  ANTERIOR  LOBE  OF  THE 
PITUITARY  BODY  UPON  THE  GROWTH 
OF  CARCINOMATA  * 

By  T.  BRAILSFORD  ROBERTSON,  Ph.D.,  and  THEODORE  C. 

BURNETT,  M.D. 

{From  the  Rudolph  Spreckels  Physiological  Laboratory  of  the  University  of 
California,  Berkeley.) 

In  consequence  of  the  frequently  observed  correlation  betv^een 
abnormal  disturbances  of  the  growth  process  and  pathological  con¬ 
ditions  in  the  pituitary  body,  many  investigations  have  recently 
been  carried  out  with  a  view  to  ascertaining  the  effect  of  adminis¬ 
trations  of  the  pituitary  body  or  portions  thereof  upon  the  time  re¬ 
lations  and  absolute  magnitude  of  normal  growth.  Especial  in¬ 
terest  attaches  to  experiments  upon  the  effects  of  the  anterior  lobe 
upon  the  growth  of  young  animals,  since  in  cases  of  acromegaly 
and  gigantism  anterior  lobe  hyperplasia  is  frequently  observed.^ 

The  experimental  findings  in  these  investigations  have  not  been 
uniform,  possibly  on  account  of  the  wide  variety  of  methods  of 
administration,  experimental  animals,  etc.,  employed  by  different 
observers.  The  results  which  are  not  purely  negative,  however, 
such  as  those  of  Caselli,"  Sandri,®  and  Schafer,^  appear  to  indicate 
that  anterior  lobe  administration  by  mouth  or  hypodermically  to 
young  animals  causes  a  notable  retardation  of  growth,®  while  ex- 

*  Received  for  publication,  December  17,  1914. 

1  Cushing,  H.,  The  Pituitary  Body  and  Its  Disorders,  Philadelphia,  1912,  20. 

2  Caselli,  A.,  Riv.  sper.  di  freniat.,  1900,  xxvi,  176,  468,  486 ;  cited  by  Cushing, 
loc.  cit. 

®  Sandri,  O.,  Arch.  ital.  de  hiol.,  1909,  li,  337. 

^Schafer,  E.  A.,  Proc.  Roy.  Soc.,  London,  Series  B,  1909,  Ixxxi,  442;  Quart. 
Jour.  Expcr.  Physiol.,  1912,  v,  203. 

®  Cerletti,  U.,  Arch.  ital.  de  hiol.,  1907,  xlvii,  123.  Sandri,  O.,  loc.  cit.  Etienne, 
G.,  and  Parisot,  J.,  Arch,  de  mcd.  e.rpcr.  et  d’anat.  path.,  1908,  xx,  423.  Goetsch, 
E.,  and  Cushing,  H.,  cited  by  Cushing,  loc.  cit.,  p.  ii.  Aldrich,  T.  B.,  Am.  Jour. 
Physiol.,  1912,  XXX,  352;  1912-13,  xxxi,  94.  Wulzen,  R.,  Am.  Jour.  Physiol., 
1914,,  xxxiv,  127. 
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perimental  hypopituitarism  in  young  animals  induced  by  partial  ex¬ 
tirpation  of  the  anterior  lobe  produces  a  series  of  symptoms  which 
furnish  a  clinical  picture  the  reverse  of  acromegaly;®  namely,  re¬ 
tardation  of  the  growth  of  bones,  a  pronounced  tendency  to  adi¬ 
posity,  and  sexual  infantilism. 

It  appeared  to  us  to  be  of  interest  to  determine  the  effects  of  the 
administration  of  anterior  lobe  upon  the  growth  of  carcinomata, 
both  on  account  of  the  possibility  held  out  by  such  an  investigation 
of  further  confirming  and  elucidating  the  relationship  of  this  gland 
to  growth,  and  also  on  account  of  the  information  which  might 
thus  be  derived  regarding  the  relationship  of  carcinomatous  to  nor¬ 
mal  growth. 

HISTORY  OF  THE  TUMORS  AND  MATERIAL  EMPLOYED. 

We  propagated  the  Flexner-Jobling  carcinoma'^  by  inoculation 
into  the  axillary  region  through  two  generations.  The  percentage 
of  takes  was  high,  varying  between  6o  and  8o  per  cent.  Half 
grown  or  adult  animals  were  employed  to  propagate  the  tumors, 
and  also  in  the  experiments  enumerated  below. 

Through  the  courtesy  of  the  superintendent,  ox  pituitaries  were 
obtained  from  the  Oakland  Meat  and  Packing  Company.  They 
were  dissected  out  of  the  connective  tissue  capsule  and  the  anterior 
lobe  was  separated,  macerated  between  two  surfaces  of  ground 
glass,  and  mixed  with  sodium  chloride  solution  in  such  propor¬ 
tion  that  the  final  volume  of  the  mixture  was  three  times  that  of 
the  glandular  tissue.  0.4  per  cent,  of  tricresol  was  added  and  the 
mixture  was  shaken  and  allowed  to  stand  at  room  temperature  for 
not  less  than  twelve  hours.  After  further  shaking  the  mixture  was 
filtered  through  glass-wool  under  pressure.  The  filtrate  was  em¬ 
ployed  in  the  experiments  detailed  below;  it  was  freshly  prepared 
from  time  to  time.  Three  cubic  centimeters  were  equivalent  to 

®  Cushing,  loc.  cit.,  pp.  13,  27. 

7  Through  the  courtesy  of  Dr.  Peyton  Rous,  of  The  Rockefeller  Institute  for 
Medical  Research,  we  obtained  specimens  of  his  21st  generation  of  the  Flexner- 
Jobling  tumor  early  in  this  year.  Dr.  Rous’s  tumor,  as  he  informed  us,  was  not 
then  metastasizing.  In  our  laboratory,  however,  the  first  generation  of  tumors 
propagated  from  this  specimen  metastasized,  and  succeeding  generations  have 
continued  to  do  so  (Burnett,  T.  C.,  Proc.  Soc.  Exfer.  Biol,  and  Med.,  1913, 
xi,  42). 
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one  cubic  centimeter,  i.  e.,  to  approximately  one  gram  of  glandular 
tissue. 

EXPERIMENTAL. 

First  Scries. — Eighty-five  white  rats  were  inoculated  in  the  axillary  region 
with  peripheral  portions  of  a  large,  rapidly  growing  tumor  of  our  2d  generation 
from  Rous’s  21st  generation.  After  22  days,  28  of  the  animals  (33  per  cent.) 
were  found  to  have  well  developed  tumors.  These  were  divided  into  two  batches 
of  14  each;  one  batch  was  retained  as  controls,  and  the  individuals  comprising 
the  other  received,  on  the  22d,  25th,  28th,  30th,  32d,  and  34th  days  after  inocula¬ 
tion,  1.5  c.c.  each  of  pituitary  emulsion  (0.5  gm.  of  glandular  tissue)  injected 
directly  into  the  tumor. 

The  tumors  were  measured  through  the  skin  in  two  diameters  at 
right  angles  to  each  other,  on  the  dates  enumerated  below  (table  I). 
The  mean  of  the  longest  and  shortest  diameters  was  recorded  as 
the  average  diameter  of  any  given  tumor,  and  the  average  of  these 
estimates  is  regarded  as  the  average  diameter  of  the  tumors  in  any 
given  group  of  animals. 

The  average  diameter  of  the  tumors  in  the  control  animals  on 
the  22d  day  after  inoculation  was  13.9  millimeters;  that  of  the  ani¬ 
mals  reserved  for  treatment  was  14.  i  millimeters.  Calling  these 
initial  diameters  in  each  group  100,  and  referring  each  of  the  sub¬ 
sequent  measurements  to  this  unit  of  comparison,  we  obtained  the 


following  results. 

Dyi.  after 
inoculation. 

TABLE  I. 

Diameter  of  tumors 
in  controls. 

.  100  . 

Diameter  of  tumors  in 
animals  receiving  pit¬ 
uitary  emulsion. 

.  100 

.  109  . 

.  1 13 

28 . 

.  II9  . 

.  137 

.  134  . 

.  160 

32 . 

.  139  . 

.  178 

34 . 

.  154  . 

.  178 

37 . 

.  152  . 

.  184 

These  results  are  depicted  graphically  in  text-figure  i.  It  will  be 
seen  that  the  administration  of  anterior  lobe  emulsion  by  injection 
directly  into  the  tumors  caused  marked  acceleration  of  the  average 
growth  of  the  primary  tumors,  their  rate  of  growth  after  two  ad¬ 
ministrations  being  no  less  than  double  that  of  the  tumors  in  the 
control  animals.  While  this  was  due  to  an  acceleration  of  the 
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growth  of  all  the  tumors,  the  acceleration  was  most  marked  in  the 
relatively  small  tumors,  with  the  result  that  after  two  or  three  ad¬ 
ministrations  the  treated  tumors  were  all  large,  while  the  control 
tumors  were  less  uniform  in  size,  some  being  relatively  large  and 
others  relatively  small.  Thus  on  the  32d  day,  that  is,  after  four 


Text-Fig.  i.  Comparative  growth  of  untreated  tumors  and  tumors  treated 
with  pituitary  (anterior  lobe)  emulsion. 


administrations  of  anterior  lobe  emulsion  spread  over  lo  days,  50 
per  cent,  of  the  control  tumors  measured  under  20  millimeters  in 
diameter,  while  only  2,  or  14  per  cent.,  of  the  treated  tumors  meas¬ 
ured  20  millimeters  in  diameter,  and  none  were  smaller  than  this. 
The  proportion  of  tumors  measuring  25  millimeters  or  over  was, 
however,  the  same  in  both  groups,  namely  43  per  cent.,  although 
the  average  diameter  of  these  large  tumors  was  31  millimeters  in 
the  treated  group  and  only  28  millimeters  in  the  control  group. 

On  the  37th  day  all  the  animals  were  killed  and  the  viscera  exam¬ 
ined  for  metastases.  Three,  or  21  per  cent,  of  the  control  animals 
were  found  to  have  developed  metastases,  while  none  of  the  treated 
animals  had  done  so.  It  appears  evident,  therefore,  that  adminis- 
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trations  of  the  anterior  lobe  of  the  pituitary  body  do  not  enhance 
the  tendency  of  carcinomata  to  form  metastases. 

Second  Series. — In  the  above  experiments  the  pituitary  emulsion  was  injected 
directly  into  the  tumors.  Fearing  that  the  local  conditions  created  by  this  pro¬ 
cedure  might  have  been  responsible  for  the  results  obtained,  we  undertook  a 
second  series  of  experiments. 

Sixty  white  rats  were  inoculated  in  the  right  axillary  region  with  peripheral 
portions  of  a  large  tumor  of  our  2d  generation  from  Rous’s  2i.st.  These  were 
then  divided  into  two  lots.  Eighteen  animals  received  1.5  c.c.  each  of  anterior 
lobe  emulsion  (0.5  gm.  of  glandular  tissue)  on  the  7th,  9th,  nth,  14th,  i6th,  and 
19th  days  after  inoculation,  the  emulsion  being  injected  into  the  left  axillary 
region.  The  remaining  42  animals  received  no  treatment  of  any  kind  until  the 
2ist  day  after  inoculation,  when  all  the  tumors  were  measured  and  the  percentage 
of  takes  was  determined. 

Of  the  18  treated  rats,  16,  or  89  per  cent.,  had  developed  tumors. 
Of  the  42  rats  not  hitherto  treated,  35,  or  81  per  cent.,  had  de¬ 
veloped  tumors.  The  average  diameter  of  the  tumors  in  the  treated 
group  was  17.9  millimeters,  while  the  average  diameter  of  the 
tumors  in  the  untreated  group  was  17.2  millimeters.  There  was, 
therefore,  no  marked  acceleration  of  the  tumor  growth  or  increase 
in  the  percentage  of  takes  consequent  upon  the  administration  of 
the  pituitary  emulsion  up  to  the  21st  day  after  inoculation.  The  ad¬ 
ministration  of  the  emulsion  to  the  animals  hitherto  treated  was  now 
discontinued,  and  34  of  the  animals  which  had  not  been  hitherto 
treated  and  which  had  developed  tumors  were  divided  into  two  lots 
of  17  each.  One  batch  of  animals  was  reserved  as  controls  and  not 
treated  in  any  way;  the  other  received  1.5  cubic  centimeters  of  emul¬ 
sion  (0.5  of  a  gram  of  glandular  tissue)  in  the  left  axillary  region  on 
the  2 1st,  23d,  25th,  and  28th  days  after  inoculation.  All  the  tumors 
were  measured  on  these  dates  and  also  on  the  30th  day  after  inocu¬ 
lation.  The  diameter  of  the  tumors  on  the  21st  day  in  the  control 
animals  was  16.4  millimeters,  in  the  formerly  treated  animals  17.9 
millimeters,  and  in  the  animals  treated  subsequent  to  that  date 
18. 1  millimeters.  The  relative  growth  of  these  three  groups  of 
tumors  is  shown  in  table  II  and  is  depicted  graphically  in  text- 
figure  2. 

As  in  the  previous  experiment,  the  administration  of  anterior 
lobe  emulsion  produced  a  marked  acceleration  of  the  growth  of  the 
primary  tumor,  the  rate  of  growth  being  doubled  after  the  second 
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administration.  In  this  experiment,  however,  the  accelerative  effect 
was  not  long  continued  and  disappeared  after  the  fourth  adminis¬ 
tration  on  the  30th  day  after  inoculation.  It  is  of  especial  interest 
to  observe  that  although  the  repeated  administration  of  the  pitui- 


Text-Fig.  2.  Comparative  growth  of  untreated  tumors  and  of  tumors  treated 
with  pituitary  (anterior  lobe)  emulsion  before  and  after  the  twentieth  day 
following  inoculation. 


tary  emulsion  prior  to  the  21st  day  after  inoculation  did  not  appear 
to  influence  the  growth  of  the  tumor  in  any  notable  way,  yet  some 
influence  had  been  exerted,  or  else  the  active  agent  of  the  gland 
persists  in  the  body  for  a  considerable  time  after  administration, 
for  the  previously  treated  tumors  grow  as  rapidly  as  the  treated 
tumors  from  the  21st  to  the  25th  days;  that  is  to  say,  for  a  period 
of  6  days  after  the  discontinuance  of  the  treatments. 

TABLE  II. 


Dys.  after 
inoculation.  1 

Diameter  of  tumors 
in  controls. 

Diameter  of  tumors  in  animals 
receiving  pituitary  emulsion 
prior  to  the  21st  dy.  after 
inoculation. 

Diameter  of  tumors  in  animals 
receiving  pituitary  emulsion 
upon  and  subsequent  to  the 
!  2zst  dy.  after  inoculation. 

21 

100 

100 

100 

23 

1  106 

113 

112 

25 

1  112 

123 

124 

28 

1  138 

132 

143 

30 

!  151 

140 

151 
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On  the  30th  day  after  inoculation  all  the  animals  were  killed  and 
the  viscera  examined  for  metastases.  Three  animals  among  the 
controls  were  found  to  have  developed  metastases,  and  two  animals 
in  each  of  the  treated  batches.  No  evidence  was  therefore  afforded 
of  any  effect  of  the  pituitary  emulsion  upon  the  tendency  of  the 
tumors  to  form  metastases. 

CONTROL  EXPERIMENT  WITH  LIVER  EMULSION. 

The  above  results  appeared  to  justify  the  conclusion  that  the 
hypodermic  administration  of  pituitary  (anterior  lobe)  emulsion 
to  rats  markedly  accelerates  the  growth  of  carcinoma,  at  least  of 
the  primary  tumors.  We  feared,  however,  that  this  result  might 
merely  be  attributable  to  the  administration  of  tissue  emulsion,  or 
to  the  tricresol  employed  as  the  sterilizing  agent,  and  not  especially 
to  the  employment  of  pituitary  tissue.  Accordingly  we  carried  out 
a  series  of  experiments  in  which  an  emulsion  of  ox  liver  was  em¬ 
ployed  instead  of  an  emulsion  of  pituitary  gland.  The  liver  emul¬ 
sion  was  prepared  in  exactly  the  same  way  as  the  pituitary  emul¬ 
sion  had  been  prepared. 

Fifty-five  white  rats  were  inoculated  with  portions  of  a  tumor  taken  from  one 
of  the  controls  in  the  preceding  experiment;  that  is,  from  our  3d  generation 


Text-Fig.  3.  Comparative  growth  of  untreated  tumors  and  of  tumors  treated 
with  liver  emulsion. 
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propagated  from  Rous’s  21st  generation.  On  the  21st  day  after  inoculation  it 
was  found  that  34  animals  had  developed  small  tumors.  These  were  divided  into 
two  batches  of  17  each.  One  batch  received  i.S  c.c.  of  liver  emulsion  (0.5  gm. 
of  glandular  tissue)  in  the  axillary  region  opposite  to  the  tumor  on  the  21st,  23d, 
25th,  28th,  30th,  and  32d  days  following  inoculation.  The  tumors  were  measured 
on  the  same  days.  The  average  diameter  of  the  control  tumors  on  the  21st  day 
was  8.2  mm.,  that  of  the  treated  tumors  was  7.4  mm.  The  relative  growth  of  the 
control  and  treated  tumors  is  shown  in  table  III  and  text-figure  3. 


TABLE  III. 


Dys.  after  Diameter  of  tumors 

inoculation.  in  controls. 


Diameter  of  tumors  in 
animals  receiving 
liver  emulsion.  ^ 


21. 

23. 

25. 

28. 

30 

32 

35. 


100  . 

II5  . 

.  100 

.  109 

120  . 

.  126 

128  . 

.  127 

140  . 

.  132 

149  . 

.  I4I 

173  . 

.  155 

It  is  evident  that  liver  emulsion  exerts  no  accelerative  action 
wliatever  upon  the  growth  of  carcinoma;  indeed  a  slight  retarda¬ 
tion  is  evident  at  certain  stages.  From  experiments  which  we  have, 
carried  out,  the  results  of  which  have  not  yet  been  published,  we 
are  inclined  to  believe  that  this  retardation  may  have  been  attribut¬ 
able  to  the  bile  salts  contained  in  the  liver  extract,  as  we  have  ob¬ 
served  that  bile  salts  exert  a  slightly  retarding  action  upon  the 
growth  of  carcinomata  in  rats. 


CONCLUSIONS. 

1.  The  administration  of  emulsions  of  the  anterior  lobe  of  the 
ox  pituitary  increases  very  markedly  the  rate  of  growth  of  the 
primary  tumor  in  rats  inoculated  with  carcinoma.  The  growth  of 
small  tumors  is  accelerated  relatively  more  than  that  of  large 
tumors. 

2.  This  acceleration  is  only  evidenced,  however,  at  a  certain 
stage  in  the  growth  of  the  tumor,  subsequent  to  the  twentieth  day 
succeeding  inoculation.  The  administrations  do  not  enhance  the 
tendency  of  the  tumors  to  metastasize. 

3.  Liver  emulsion  does  not  cause  an  acceleration  of  the  growth 
of  carcinomata  in  rats. 


L  i 


